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¢ Historical perspective, in brief 


— Golden era of Arabian medicine 
— The Modern Era 


Dentistry has evolved as a separate entity within medicine and surgery overcoming the medieval 
reservations of it being a fraternity owned by untrained barbers. With solid foundations of 
science, its growth in recent decades is phenomenal. Periodontics is its integral part and from 
the arena of research to the day-to-day practice of dentistry, its impact is perceptible. 

Dental caries and periodontal diseases are the main reasons for tooth loss. Archaeological 
and anthropological evidence reveals that periodontal diseases affected human beings since 
pre-historical times. Periodontal pathologies have been discovered even in the distinct human 
specimens attributed to the Middle Pleistocene stage. 





PERIODONTICS: That specialty of dentistry 
which encompasses the prevention, diagnosis, 
and treatment of diseases of the supporting 
and surrounding tissues of the teeth or their 
substitutes; the maintenance of the health, 
function and esthetics of these structures 
and tissues; and the replacement of lost teeth 
and supporting structures by grafting or 
implantation of natural and synthetic devices 
and materials. (Glossary of Periodontal terms, 
2001) 


PERIODONTIST: A dental practitioner 
who, by virtue of special knowledge and 
training in the field, is qualified to and 
limits his/her practice or activities to of 
Periodontal terms, 2001) 


PERIODONTOLOGY: The scientific study 
of the periodontium in health and disease. 
(Glossary of Periodontal terms, 2001) 





DEFINITIONS 


PERIODONTIA is used _ interchangeably 
with periodontics. 


ORAL IMPLANTOLOGY is the art and 
science of dentistry concerned with the 
surgical insertion of materials and devices 
into, onto, and about the jaws and oral cavity 
for purposes of oral maxillofacial or occlusal 
rehabilitation and/or cosmetic correction. 


IMPLANT, ORAL: |. An alloplastic material 
or device that is surgically placed into the oral 
tissue beneath the mucosal or periosteal layer 
or within the bone for functional, therapeutic, 
or esthetic purposes. 2. To insert a graft or 
alloplastic device into the oral hard or soft 
tissues for replacement of missing or damaged 
anatomical parts, or for stabilization of a 
periodontally compromised tooth or group of 
teeth. (Glossary of Periodontal terms, 2001) 
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Chapter 1 


HISTORICAL PERSPECTIVE, IN BRIEF: 


Early civilizations: 


¢ 5000 BC: Ancient Sumerian text, discovered on a clay 
tablet from an ancient city in the lower Mesopotamian 
area of the Euphrates Valley (Iraq), refers to dental 
caries. It also records some herbal remedies for 
periodontal problems. The Sumerians around this age 
had begun the use of toothpicks. 

¢ 2700 BC: The Chinese developed and used 
acupuncture to treat various diseases, including 
dental pain. 

¢ 2700-2600 BC: Chinese were the first to describe 
signs of periodontal diseases. 

@ 2660 BC: Hesyre, the world’s first recorded dentist 
lived in Egypt, and he was also a physician. 

¢ 1500 BC: Papyrus Ebers, written about [500 B.C., 
contained ideas copied from older papyri extending 
back many centuries. One of the sections of Papyrus 
Ebers devoted to the diseases of the teeth, described 
local remedies. 

¢ 600 BC: In Ancient India, Sushruta a polymath, a 
philosopher described four periodontal conditions, 
offered the first known classification of periodontal 
diseases. 

@ 332-330 BC:A prosthetic appliance with a maxillary 
central incisor as a pontic has been identified in a 
skull from Egypt. 


Greek and Roman civilization: 


@ 460-377 BC:Hippocrates, the father of medicine, had 
an idea about tooth eruption. 


@ 138-201 AD: The physician-scientist Galen (circaA.D. 


138 to 201), the father of experimental biology, was 
the first to dissect animals and record anatomical 
information in a systematic manner. He discovered 
that arteries contained blood. Eighty of his works 
remain giving us an insight of his vision and bold 
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knowledge and understanding that they picked up in their 
struggle to exist on planet earth was a stepping-stone for 
the latter civilizations and a legacy to carry. However, one 
must be cautious not to overestimate the state of science in 
its beginnings. The modern science, medicine, and dentistry 
were surely beyond the imagination of even those before 
a few centuries. 


Golden era of Arabian medicine: 


@ 750 AD: Abbasid Caliphs of Baghdad around 7/50 
AD and the Umayyad caliphs of Spain patronized the 
science in general and scientific innovations, research, 
and developments, in particular. This impetus helped 
in the spread of scientific knowledge and had a lasting 
influence on the later civilizations. 


@ 841-926 A.D: Abu-Bakr Muhammed I!bn-Zakaria 
Al-Razi was a well know philosopher, a physician 
and a pharmacologist of his time. Europe knew AI- 
Razi by the Latinized form of his name, Rhazes. His 
Comprehensive Book on Medicine, the Hawi, took a 
prominent place in Medieval medical literature. His 
works contain description of diseases of the gums. 


@ 936-1013: Abu Al KasemAl Zahrawi (Albucasis,) the 
father of modern surgery, born in 936 in Al-Zahra, 
Cordova (Andalusia-Spain) was a great surgeon. He 
invented several devices used during surgery, for the 
purpose of inspection of the interior of the urethra, 
applying and removing foreign bodies from the throat, 
and for inspection of the ear. He also described the 
use of forceps in vaginal deliveries. He was a pioneer 
designer of more than 200 surgical instruments many 
of which were clearly his innovations and were never 
used before. He introduced the use of catgut for 
internal stitching, which is still practiced in modern 
surgery. He was the first to control bleeding using 
cotton, cauterization or ligation. He was concerned 
regarding the asepsis and used alcohol extracted from 
wine during operations. He designed an anesthetic 
sponge and was the first to describe hemophilia. 
He developed a set of instruments for scaling and 


innovations. understood the etiologic role played by calculus. 
It is not a mere coincidence that the wise men of the earlier ¢ 980-1037 AD: |bn Sina (Avicenna) is one of the 
civilization did find things of significance and relevance. The greatest thinkers and medical scholars in history and is 
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considered the father of modern medicine. He wrote 
Cannon of Medicine (1020), which was translated 
into Latin and then disseminated in manuscript and 
printed form throughout Europe. During the [5th 
and | 6th centuries alone, the Canon of Medicine was 
published more than 35 times, and it was continuously 
taught in Asian and European universities for almost 
600 years. His medical and philosophical works 
deeply influenced the thinking and understanding of 
medicine. 


The Modern Era: 


@ 1623-1723 AD: Antonie van Leeuwenhoek, the 
inventor of the first microscope, also observed what 
he described the ‘animalcules’ in his tooth scrapings. 


@ 1678-1761 AD: Pierre Fauchard (1678-1761) is 
considered the father of modern dentistry. His seminal 
book, Le Chirurgien Dentiste, ou Traite des Dents 
(1728), is the discipline’s first complete work.The 
work had original elements, such as the description 
of tooth dysplasia (dentinogenesis imperfecta), and 
descriptions of cysts, which he linked to caries lesions. 
lt covered all the major areas of dentistry. 


@ Robert Ficinus (1809-1852) and Adolph Witzel 
(1847-1906), German physicians, associated bacteria 
with periodontal tooth loss. 


@ 1810-1885 AD: John M. Riggs (USA), known as the 
father of periodontics, treated diseased pockets with 
thorough calculus removal, curettage of soft tissues, 
and implementation of meticulous individual oral 
hygiene. He was certain that all stages of periodontal 
disease, from the earliest signs of inflammation 
to tooth loss, were attributable to the same local 
etiology, i.e. calculus. 

@ 1815AD:Levi Spear Parmly (1790-1859) anAmerican 
dentist, conceived the idea of dental flossing. He is 
considered the Father of Oral Hygiene. 

@ 1822-1895 AD: Louis Pasteur- Germ theory of 
disease. 

¢ 1840 AD: The first dental college in the world, 
Baltimore College of Dental Surgery, was established, 
ushering institutional era of dentistry. 
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1845-1923AD: Wilhelm RoentgenaGerman physician 
discovered Radiographs, which revolutionized the 
field of Dental and Medical diagnosis. 


880 AD: The first powered toothbrush - “Dr.Scott’s 
Electric Toothbrush’ appeared. 


1836-1915 AD:G.V.Black described the accumulation 
of dental plaque in 1898 and called it “gelatinous 
microbic plaque.” 


1875-1975 AD: Charles C-Bass, the Dean of Tulane 
University Medical School in New Orleans, suggested 
the use of nylon fibers for dental flossing. 


1940s: Johnson & Johnson manufactured dental floss 
from nylon for the first time. 


853-1907: WILLOUGHBY D. MILLER did 
groundbreaking work on dental caries, gave the 
Chemico-parasitic theory. He also viewed that 
bacteria groups present in the oral cavity were 
responsible for periodontal disease. 


1885-1950: Bernhard Gottlieb, published histological 
studies, characterizing many previously undescribed 
microscopic features of oral tissues, including the 
attachment of the gingival epithelium to the tooth, 
the continuous eruption of the dentition (with the 
related topic of traumatic occlusion), and a detailed 
description of the structure of the cementum.He 
also documented structural changes accompanying 
severe periodontal disease. 


1899-1960: Balint Orban studied periodontal 
tissues extensively. His works “Dental histology and 
embryology” and “Periodontics: A concept theory 
and practice” formed the basis of oral biology science 
and shaped future works. 


1896-1960: Joseph Peter Weinmann, a_ prolific 
researcher, published more than | 60 articles on bone 
physiology and pathology, amelogenesis, normal and 
pathologic oral epithelium, and periodontal disease. 


839-1920: Dr. D. Smith promoted oral prophylaxis 
and was later referred to as the “Father of Oral 
Prophylaxis.” 

914: Grace Rogers Spalding (1881-1953) and Gillette 
Hayden (1880-1929) founded the American Academy 
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of Periodontology. 


@ 1950: Per-IngvarBranemark (b.1929) a Swedish 
Orthopaedic Surgeon’s incidental findings led to 
the development of dental implants. 


@ Herald Loe (1926-2008) and co-worker’s studies 
on experimental gingivitis ushered in the plaque 
era of Periodontology. They provided unequivocal 
experimental evidence for a direct relationship 
between the presence of dental bacterial plaque 
and gingivitis. It also demonstrated the full 
reversibility of all clinical signs of gingival pathology 
when oral hygiene was re-established. There is 
no question that the nature and results of these 
ground-breaking studies had a profound effect on 
most aspects of clinical periodontology. 


@ 1914-1972: Irving Glickman, his classification of 
furcation involvement, trauma from occlusion 
and his classical work “Clinical Periodontology” 
shaped new ideas and concepts in the field of 
periodontology. 


@ 1934-2011: Sigmund Socransky a pioneer in the 
field of periodontal microbiology work lead over 
300 publications which included the celebrated 
‘Microbial complexes in subgingival plaque”. He 
also gave the burst hypothesis of periodontal 
disease progression. 


@ 1980s Jan Lindhe, a Scandanavian (b.1935) 
periodontitis of repute came up with the first 
edition of his Textbook of Clinical Periodontology. 
After various editions, it remains a source of 
knowledge for the periodontist’s across the 
globe. 
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Principal sources and suggested further 
reading: 


Ahmad, Z. Sh08 Al-Zahrawi — The Father of Surgery. 
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2 Veins 


Chapter Outline: 


Definitions and terminology: 
Clinical features of gingiva: 
¢ Marginal gingiva: 
¢ Gingival sulcus: 
¢ Attached gingiva: 
— Width of attached gingiva: 
¢ Muco gingival junction: 
¢ Interdental gingiva: 
Correlation of normal clinical and microscopic features: 
¢ Color: 
e Size: 
¢ Contour: 
Gingival pigmentation. 
¢ Consistency: 
¢ Surface texture: 
¢ Position: 
Continuous tooth eruption: 
Gingival biotypes /Morphotypes: 
e Assessment of biotype: 
¢ Gingival biotypes and periodontal disease: 


GINGIVA: The fibrous investing tissue, covered by 
keratinized epithelium that immediately surrounds a tooth 
and is contiguous with its periodontal ligament and with 
the mucosal tissues of the mouth.(Glossary of Periodontal 
terms, 2001) 


Gingiva is that part of oral mucosa that covers the alveolar 
processes of the jaws and surrounds the necks of the teeth. 
(Carranza) 


The gingiva can be classified as follows: 
@ Based on Anatomy: 
<> Attached gingiva 
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¢ Gingival Biotypes and Periodontal Treatment 
and Prognosis: 

¢ Gingival biotypes and extraction outcome: 

¢ Gingival biotypes and implants: 

¢ Gingival biotypes and orthodontic treatment: 

¢ Gingival biotypes and aesthetic restorations: 

Microscopic features of gingiva: 

¢ Epithelial organizations within gingiva: 

¢ General aspect of gingival epithelium: 

¢ Oral or outer epithelium: 

¢ Sulcular epithelium: 

¢ Junctional epithelium (JE): 

¢ Basal lamina/basement membrane (BM): 

¢ Gingival connective tissue: 

¢ Dentogingival unit/ dentogingival complex: 

¢ Gingival fibres: 

Blood supply: 

Lymphatic drainage: 

Nerve supply: 

Age changes in Gingiva: 

Review Questions: 

Principal sources and suggested further reading: 


<> Free gingiva/ Marginal gingiva. 


<> Papillary gingiva 





Fig 2.1 Normal healthy Gingiva 
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| Basics of Periodontology 
DEFINITIONS AND TERMINOLOGY: 


ATTACHED GINGIVA: The portion of the gingiva that is 
firm, dense, stippled and tightly bound to the underlying 
periosteum, tooth, and bone. (Glossary of Periodontal 
terms, 2001) 

FREE GINGIVA: That part of the gingiva that surrounds the 
tooth and is not directly attached to the tooth surface. 
(Glossary of Periodontal terms, 2001) 

MARGINAL GINGIVA: The most coronal portion of the 
gingiva. Often used to refer to the free gingiva that forms 
the wall of the gingival crevice in health.(Glossary of 
Periodontal terms, 2001) 

Papillary Gingiva/Gingival papilla: That portion of the gingiva 
that occupies the interproximal spaces. The interdental 
extension of the gingiva. (Glossary of Periodontal terms, 2001) 
GINGIVAL: Pertaining to the gingiva. (Glossary of 
Periodontal terms, 2001) 

GINGIVAL CREVICE (G. Sulcus): The shallow fissure 
between the marginal gingiva and the enamel or cementum. 
(Glossary of Periodontal terms, 2001) 

GINGIVAL CUFF: That portion of the gingiva that 
overlies the junctional epithelium. (Glossary of Periodontal 
terms, 2001) 

GINGIVAL CORIUM: The connective tissue of the 
gingiva. (Glossary of Periodontal terms, 2001) 
GINGIVAL COL: COL:A valley-like depression of the 
interdental gingiva that connects facial and lingual papillae 
and conforms to the shape of the interproximal contact 
area. (Glossary of Periodontal terms, 2001) 


CLINICAL FEATURES OF GINGIVA: 


Anatomically the gingiva is divided into 
@ Marginal Gingiva ¢ Attached Gingiva ¢ Interdental areas. 
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Fig 2.2 Anatomical parts of the gingiva 
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MARGINAL GINGIVA/UNATTACHED GINGIVA: 


The most coronal portion of the gingiva. Often used to 
refer to the free gingiva that forms the wall of the gingival 
crevice in health.(Glossary of Periodontal terms, 2001) 


@ The marginal gingiva is the terminal edge or border 
of the gingiva surrounding the teeth in collar like 
fashion. 


@ In some cases, it is demarcated from the adjacent 
gingiva by a shallow linear depression, the free gingival 
groove. 


@ It is not attached to the tooth. 
@ Creates soft tissue wall of pocket. 


@ Most coronal aspect is the margin of the gingiva or 
crest of the gingiva 


@ Most visual apical aspect is the free gingival groove 
(Inside the gingival crevice/pocket, it corresponds to 
Junctional epithelium / Base of pocket) 


@ Usually about |mm wide. 
GINGIVAL SULCUS: 


Gingival CREVICE (G. Sulcus): The shallow fissure between 
the marginal gingiva and the enamel or cementum. (Glossary 
of Periodontal terms, 2001) 


Clinical gingival sulcus: The depth of the clinical gingival 
sulcus may be defined as the depth past the gingival 
margin to which a periodontal probe will penetrate when 
introduced with light pressure. 


Clinical attachment level: Clinical attachment level (CAL) is 
measured with a periodontal probe and it is the distance 
from the cementoenamel junction to the base of probeable 
crevice. 


CLINICAL ATTACHMENT LEVEL: The distance 
from the cemento enamel junction to the tip of a 
periodontal probe during periodontal diagnostic probing. 
The health of the attachment apparatus can affect the 
measurement. (Glossary of Periodontal terms, 2001) 


Probing depth: Probing depth is the distance from the 
gingival margin to the base of the probeable crevice. 


PROBING DEPTH: The distance from the soft tissue 
(gingiva or alveolar mucosa) margin to the tip of the 
periodontal probe during usual periodontal diagnostic 
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Gingiva 


probing. The health of the attachment apparatus can affect Extent: 
the measurement. (Glossary of Periodontal terms, 2001) 


The gingival sulcus or crevice is the name given to the 
invagination made by the gingiva as it joins the tooth 
surface. 
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It is shallow crevice or space around the tooth 
bounded by the surface of the tooth on one side and 
the epithelium lining of free margin of the gingiva on 
the other side. 


Shape of the gingival sulcus: “V’ shaped. 

It barely permits the entrance of the periodontal 
probe. 

Probing depth of a clinically normal gingival sulcus in 
humans is 2-3 mm. 

Histologically, the depth of the gingival sulcus is 
|.8 mm (with a reported range of 0-6 mm). 

The mean temperature of the healthy gingival sulcus 
is 33.940.4°C and this temperature elevates to 35°- 
37°C as pocket depth increases. 
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Fig. 2.3 Gingiva 
ATTACHED GINGIVA: 


The portion of the gingiva that is firm, dense, stippled and 


tightly bound to the underlying periosteum, tooth, and 
bone. (Glossary of Periodontal terms, 2001) 
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It is dense, firm and resilient being attached to the 
underlying periosteum. 


It lacks a submucous layer. 


Its epithelium is keratinised and often stippled. 


Stippling is considered a sign of health, but the absence 
may not always be a sign of disease. 
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Most coronal aspect is free gingival groove 
The most apical aspect is mucogingival junction. 


On lingual aspect of the mandible, Attached gingiva 
terminates at the junction with lingual alveolar 
mucosa. 


Attached gingiva in the maxilla blends with no 
apparent distinction with equally firm, resilient palatal 
mucosa. 


Width of attached gingiva: 


The width of the attached gingiva is defined as the distance 
between the mucogingival junction and the projection on 
the external surface of the bottom of the gingival sulcus or 
periodontal pocket. (Carranza) 
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The width of the attached gingiva on the facial aspect 
varies in different areas of the mouth. 


<> Greatest in the incisors region: 3.5-4.5 mm in the 
maxilla and 3.3-3.9 mm in the mandible. 

<> Less in the posterior segment 

<> Least in the first premolar region: 1.9 mm in the 
maxilla and |.8 mm in the mandible. 

<> Width of attached gingiva increases with age and 
in supra-erupted teeth. 

<> It may take several years to reach adult size. 

According to Lang & Loe guideline, 2 mm of width 


of keratinized gingiva (Imm attached gingiva + Imm 
marginal gingiva) which equals | mm of width of 
attached gingiva is considered adequate. 


The increased width of attached gingiva was thought 
to be important for 


<> To dissipate the force of muscle pull, 

<> To withstand the trauma of mastication and tooth 
brushing, 

<> To reduce plaque accumulation. 


The width of the gingiva especially in the anterior 
segments is necessary for aesthetics. 


Now, the volume of attached gingiva is considered 
critical around restored or orthodontically moved 
teeth for maintaining health of tissues and determines 
the susceptibility to recession. 
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Clinical examination: 


The width of keratinized gingiva could be measured by, 
@ Measuring technique: 


<> The mucogingival junction is identified by 


stretching the lip or cheek 

<> Measure the width of keratinized gingiva using a 
periodontal probe or digital calliper (From muco- 
gingival junction to margin of the gingiva.) 

<> Measure the pocket/ gingival sulcus depth 


<> The width of attached gingiva can be estimated by 
subtracting the gingival sulcus\pocket depth from 
the width of keratinized gingiva. 


@ Rolling technique: 
<> Using a dull instrument to push the alveolar 
mucosa in a coronal direction. 


<> If there is movement of free gingival margin, it 
means that the amount of attached gingiva is 
inadequate. 


@ Staining technique: 


<> Schiller’s potassium iodide solution is applied to 
visualize the keratinized gingiva. 


MUCO GINGIVAL JUNCTION: 


The area of union of the gingiva and alveolar 
mucosa. (Glossary of Periodontal terms, 2001) 


MucogingivalJunction (MGJ}) represents the scalloped 
separation line parting the keratinized tissue from the 
alveolar mucosa. 


@ Functionally the MG] has been defined as the limit 
between movable and movable mucosa during passive 
motion of the lip or cheek. 


¢ The position of the MGJ is genetically determined. 


@ It maintains a constant distance from the base of the 
mandible in the lower jaw and the anterior nasal 
spine in the maxilla. 


@ MGJ remains stationary and constant throughout the 
life, but the width of attached gingiva is dynamic and 
keeps changing. 

@ Even though the position of the MG] is constant, the 
tooth is continuously erupting with correspondingly 
increasing width of attached gingiva. 
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¢ MG] is easily noticeable because of the colour 
difference between the pale pink attached gingiva and 
the thin movable red alveolar mucosa. 


INTERDENTAL GINGIVA: It is also called as papillary 
gingiva. 


Gingival PAPILLA is that portion of the gingiva that occupies 
the interproximal spaces. The interdental extension of the 
gingiva. (Glossary of Periodontal terms, 2001) 


@ It occupies the gingival embrasures. 


@ It has a pyramidal shape in anterior teeth and ‘col’ 
shape in posterior teeth. 





INTERDENTAL PAPILLA 


> CONTACT AREA 


Fig. 2.4 Interdental papilla. 
Be s-v.e = 
B= re 


ALVEOLAR BONE 





COL 





Fig. 2.5 Gingival Col 


@ According to Tarnow et al, the distance from the 
contact point to the bone crest is critical for 
maintenance of papillary gingiva. As it increases more 
than 5mm, higher is a chance of recession of papilla. 


@ Aesthetic Smile comprises of teeth and gingiva 
in harmony. The loss of papilla leads to unpleasant 
“black triangle”. 


@ The interdental papilla or the inter-proximal papilla 
consists of both free and attached gingiva. 
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Loss of Interdental 
Papilla is caused by 





Gingiva 


Loss of Interdental 
Papilla leads to 


Open embrasure space- Black 
triangle-aesthetic problems 


Food impactions. 





Phonetic problems. 


Fig. Interdental papilla-Clinical Implications 


@ Interdental grooves can be noticed. They are slight 
vertical depressions in the interdental attached 
gingiva consequent to the depression on the alveolar 
bone process between the eminences of the sockets- 
Radicular eminence. 


ALVEOLAR BONE 


SADDLE SHAPED GINGIVAL 
FORM IN OPEN CONTACTS 





Fig. 2.6 Interdental Gingival form in open contacts. 





Fig 2.7 Interdental Gingival form in open contacts. 
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CORRELATION OF NORMAL CLINICAL AND 
MICROSCOPIC FEATURES: 


COLOR: 
The colour of healthy gingiva is coral pink or pale pink. This 
is due to 

@ Vascular supply 

@ Thickness of epithelium 

@ Degree of keratinization of the epithelium. 


@ Presence of pigment containing cells — melanin 
pigmentation in coloured races. 

@¢ Colour of the underlying 
endodontically treated teeth — 
discoloration 


restoration/implants/ 
dark, bluish 


Coral pink/pink with melanin pigmen- 


At health 
tation. 


Diseased _ Red, bluish red-cyanotic, whitened 


PIGMENTATION: The deposition of coloring matter; 
coloration or discoloration of a part by a pigment. 
((Glossary of Periodontal terms, 2001) 


CLASSIFICATION OF GINGIVAL PIGMENTATION 
(Peeran et. al.) 


Class-l. Coral pink/salmon pink colored gingiva. 


Class-ll. Localized/Isolated spots/areas of gingival melanin 
pigmentation which does not involve all the three parts of 
gingiva, that is, attached, free, and papillary gingiva 

@ Mild to moderate pigmentation 


@ Severe/intense pigmentation 
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Class-lIll. Localized/Isolated unit/s of melanin pigmentation 
which involve all the three parts of gingiva, that is, attached, 
free, and papillary gingiva 

@ Mild to moderate pigmentation 

@ Severe/intense pigmentation 


Class-lV. Generalized diffuse pigmentation which involve all 
the three parts of gingiva that is, attached, free, and papillary 
gingiva 

@ Mild to moderate pigmentation 

@ Severe/intense pigmentation 


Class-V. Tobacco associated pigmentation like smoker’s 
melanosis and chewing tobacco 


Class-VI. 
pigments. 


Gingival pigmentation due to exogenous 


¢ Amalgam tattoos 
Cultural gingival tattooing 
Drinks 

Food colors 

Habitual betelnut/khat chewing 
Lead-Burtonian line 
Mercury 

Silver 

Arsenic 

Bismuth 

Graphite 

Other foreign bodies 
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Topical medications 
@ Idiopathic 


Class-VIl. Gingival 
pigments 


pigmentation due to endogenous 


Bilirubin 
@ Blood breakdown products: Ecchymosis, Petechiae 
@ Hemochromatosis 
@ Hemosiderin 
Class-VIll. Drug-induced gingival pigmentation 
¢ ACTH 


¢ Antimalarial drugs 
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@ Chemotherapeutic agent-busulfan and doxorubicin 
@ Minocycline 

¢ Oral contraceptives 

@ Phenothiazines 


IX. Gingival pigmentation associated with systemic diseases 
and syndromes 


Addison’s disease 
Albright’s syndrome 
Basilar melanosis with incontinence 


Beta thalassemia 


¢- ¢§ (eh OH 6H 


Healed muco cutaneous lesions-Lichen  Planus, 


Pemphigus, Pemphigoid 
Hereditary hemorrhagic telangiectasia 
HIV-associated melanosis 


Neurofibromatosis 
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Peutz-Jeghers and other familial hamartoma 


syndromes 
@ Pyogenic granuloma/Granulomatous epulis 


Class-X. Pigmented benign and malignant lesions involving 
the gingiva 

Angiosarcoma 

Hemangioma 


Kaposi's sarcoma 


Melanocytic nevus 


4 
4 
4 
@ Malignant melanoma 
4 
@ Pigmented macule 






Fig. 2.8 Shows Gingival racial pigmentation 
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SIZE: 


Size of gingiva corresponds to the total of the bulk of cellular 
and intercellular elements and their vascular supply. 


At health Resilient, firm, non-retractable with air. 


Dcenead Oedematous, soft and spongy, air 


CONTOUR: retractable. 
¢ The contour of the gingiva varies and depends on SURFACE TEXTURE: 
the 


Stippling: The pitted, orange-peel appearance frequently 


seen in attached gingiva. (Glossary of Periodontal terms, 
<> Alignment of teeth in the arch 2001) 


<> Shape of the teeth 


<> Location of the teeth 
<> Size of area of proximal contact 


<> Dimension of facial and_ lingual gingival 
embrasures. 


<> The CEJ. 


@ Marginal Gingiva envelops the teeth in collar-like 
fashion, follows a scalloped/smooth arcuate outline 
on facial and lingual surfaces. 


Papilla fills embrasures, 


At health Papillary gingiva pointed, pyramidal. 


Marginal gingiva Knife-edge shaped 





Diseased Papillary gingiva Blunted, bulbous, cratered. 


Fig. 2.9 Gingival stippling 


Marginal gingiva Rolled @ Stippling is seen due to alternate rounded 
protuberances and depressions in the gingival 
GINGIVAL FESTOONS: surface. 
The contours of the gingiva and oral mucosa over the roots © SEpplng varices Withrdse: 
of the teeth that tend to follow the cervical lines. These ¢ It is absent in infancy, appears in children at about five 
are prominent in the presence of a thin alveolar process. years of age, increases until adulthood, and frequently 
(Glossary of Periodontal terms, 2001) begins to disappear in old age. 
CONSISTENCY:  Stippling is best viewed by drying the gingiva. 
@ Normal: @ The attached gingiva is stippled and marginal gingiva 


i . is not. 
@ Firm and Resilient with the exception of movable 


free gingiva. ¢ The central portion of interdental gingiva is stippled, 


@ It is tightly bound to underlying the bone. but marginal borders are smooth. 


@ It is attributed to the collagenous nature of lamina At health Stippled 
propria and its contiguity with the mucoperiosteum 


alveolar bone. Smooth and shiny, loss of stippling is 


common 


Diseased 
¢ Gingival fibres contribute to the firmness of the 
gingival margin. 


Periodontics & Oral Implantology (7) 


( Basics of Periodontology Section - Il 


@ Histologically, ~~ Stage I: Teeth reach line of occlusion. The 


<> The outer surface of the gingivais covered with 
a thick layer of keratinized stratified squamous 
epithelium with finger-like projections [rete pegs] 
into the dense collagen underneath. 


<> Stratified squamous epithelium covers the 
papillary layer of connective tissue projects into 
the elevations; both elevated and depressed 
areas. 


junctional epithelium and sulcus are on enamel. 


<> Stage 2: Base of the sulcus is on enamel part of 
junctional epithelium is on root. 


<~ Stage 3: Base of gingival sulcus is on 
cementoenamelline; entire junctional epithelium 
is on the root. 


<> Stage 4: Base is sulcus and junctional epithelium 


both are on the root. 

<> The strong attachment of collagen to epithelium 
between the rete pegs causes the gingiva to 
havea stippled surface when it is normal and not 
inflamed. 


POSITION: 


@ Position of gingiva refers to the level at which the 
gingival margin is attached to the tooth. 


Currently, exposure of tooth by apical shift in position of 
gingiva is called gingival recession or atrophy. 


@ When the tooth erupt the margin and sulci are at 
the tip of the crown; as eruption progresses, they are 
seen closer to the root. 


At health At the cementoenamel junction. 





Diseased More coronal- More apical. 


Fig. 2.10 Gingival recession 


CONTINUOUS TOOTH ERUPTION: 


@ According to this concept, eruption does not stop 
when teeth meet their functional antagonists but 
continue throughout life. 


@ It consists of active and passive phase. 


<> Active phase is movement of teeth in the direction 
of occlusion plane, 


<> Passive eruption is exposure of teeth by apical shift 
in position of gingiva. 





¢ Active and passive eruption were believed to proceed 
together. 


Fig. 2.1 1 Faulty tooth brushing leading to Generalised 
gingival recession 


@ The tooth movement in the occlusal direction by 
active phase was compensated by the attrition of 
crown. At apices and furcartion areas, cementum is 
deposited. 


Passive eruption originally was believed to be normal, 
but currently it is considered to be pathologic. It is 
divided into four stages: 
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Gingival biotypes /Morphotypes: 


Gingiva ) 


¢ A biotype is the distinguishing feature of gingiva representing its characteristic thickness and scalloping. 


¢ Different gingival biotypes respond differently to inflammation, restorative procedures, trauma, and para-functional 


habits. 
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¢ Scalloped 
¢ Thin or flat 
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¢ Thin - <1.5 mm 


¢ Thin scalloped 





e Flat 
¢ Scalloped 
¢ Pronounced scalloped 


Fig. Different classifications of gingival biotypes. 


¢ Data suggest that in 85% of the population, the thick 
periodontal biotype was more prevalent than the 
thin scalloped form (15%). 


@ The gingival thickness affects the treatment outcome 
possibly because of 


<> Difference for supply to the underlying bone 
<> It has a susceptibility to resorption. 
¢ Different gingival tissue biotypes respond differently 
to inflammation, trauma, and surgical insult. 
Assessment of biotype: 
A clinician’s knowledge in identifying gingival biotypes is 
paramount in achieving optimal treatment outcomes. 


@ Many invasive and non-invasive methods were 
proposed to measure tissue thickness. These include 
the following: 


<> Direct measurement, 
<> Probe transparency (TRAN) method 


<> Ultrasonic devices. 


<> Cone-Beam Computed Tomography (CBCT) 
Scan. 


¢ Direct measurement: 


< It involves Trans-gingival probing under local 
anaesthesia. 


<> This procedure is commonly used for clinical 
examination. 


<> It is performed during surgical procedures due to 
its invasive nature. 


<> In the direct method, the tissue thickness is 
measured using a periodontal probe. 


<> When the thickness is less than 1.5 mm, it is 
considered as thin. 


<> Limitations include 


e Precision of the probe, which is to the nearest 
0.5 mm 


e The angulation of the probe during probing 


e Distortion of tissue during probing. 
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@ Probe transparency (TRAN) method: 


<> Placing a periodontal probe in the gingival sulcus 
and observing the transparency is a simple method 
to determine tissue thickness. 


<> The gingival biotype is considered thin if the 
outline of the probe is shown through the gingival 
margin from the sulcus. 


<> This method can regularly be used in clinical 
examination. 


<> Limitations: 
e Lack of precision 
e It gives only the thickness of the marginal 
gingiva 
e It cannot estimate the topography of 
underlying osseous structures. 





Fig. 3.12 Thin gingival biotype 
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Fig. Methods of assessing gingival biotype 
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¢ Ultrasonic Method: 


<> The use of ultrasonic devices to determine 
thethickness is a non-invasive method. 


<> Limitations include 
e Difficulty in reproducing the measurements 
e Unavailability 
e High cost of the device. 
@ Cone Beam Computed Tomography (CBCT) scan: 


<> Used to visualize and measure the thickness of 
both hard and soft tissues. 


<> Fu et al. reported that CBCT measurements of 
both bone and labial soft tissue thickness are 
accurate and more objective than other direct 
measurement methods. 


Ultrasonic 
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Gingival biotypes and periodontal disease: 


@ Thick biotypes are usually associated with periodontal 
health. 


<> The soft tissue is dense and fibrotic 
<> A broad zone of attached gingiva. 


<> Surgical evaluation reveals a thicker and flatter 
underlying osseous form under a thick gingiva. 


<> In periodontal disease, thick biotypes are 
associated with pocket formation 


@ Thin biotypes are delicate, highly scalloped and 
translucent in appearance. 


<> The soft tissue appears delicate and friable 
<> A minimal amount of the attached gingiva. 


<~ In periodontal disease thin biotypes show 
recession. 


Biotypes and Periodontal Treatment and 


@ Gingival thickness was found to be the most significant 
factor that influences the prognosis of a complete 
root coverage procedure. 


@ A flap thickness of 0.8—1.2 mm was associated with a 
more predictable prognosis. 


@ Thick gingival tissues are more resistant to mucosal 
recession or mechanical irritation and are capable of 
creating a barricade to conceal restorative margins. 


@ Thin scalloped biotypes are associated with a 
compromised soft tissue response following surgical 
and or restorative treatment. 


<> The underlying bone is thin or minimal bone over 
the labial roots with the possible presence of 
fenestrations and dehiscence. 


Gingival biotypes and extraction outcome: 


@ The stability of the osseous crest and soft tissue is 
directly proportional to the thickness of bone and 
gingiva. 


@ Thick bony plates associated with thick biotypes and 
thin bony plates with thin biotypes respond differently 
to extraction. 


Gingiva 
@ The labial plate fractures during extraction. Thick 
biotypes show minimal ridge resorption whereas thin 


biotypes show pronounced residual ridge resorption 
in apical and lingual direction. 


@ Gingival or periodontal diseases are more likely to 
occur in patients with a thin biotype. 


@ An atraumatic extraction and preservation of the 
alveolar plates are essential if the site is to be used 
for implant placement. 


@ When compromise of the alveolar plate is expected 
in thin biotypes, it is necessary to utilize ridge 
preservation techniques after extraction or ridge 
augmentation protocols. 


Gingival biotypes and implants: 


@ Anaesthetic restoration should have peri-implant soft 
tissue compatibility with the surrounding gingiva. 


@ Immediate placement of an implant is preferred with 
thick biotypes that can help to preserve the osseous 
structures. 


Gingival biotypes and orthodontic 
treatment: 


@ Alteration of mucogingival dimensions may occur 
during orthodontic treatment. 


@ The buccolingual thickness determines gingival 
recession and attachment loss at sites with gingivitis 
during orthodontic treatment. 


@ Thin biotypes are prone to gingival recession under 
orthodontic force with poor plaque control. 


Gingival biotypes and aesthetic 
restorations: 
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@ The gingival morphology plays a significant role in determining the final aesthetic outcome. Therefore, during 
treatment planning, it is important to recognize differences in the gingival tissue. 


MICROSCOPIC FEATURES OF GINGIVA: 
Specialized 
nc tongue 


TNE! 


Ortho Keratinized 
= >diaare ela 








Outer sufrace 





Sulcular/Crevicular Non Keratinized 


yeaa era Soyiaare ela 


Masticatory Junctional Non Keratinized 
mucosa mt >yiaarei olan >) faa elas) dialer 
attachment 


Oral mucosa a 
Keratinized 


Hard Palate Epithelium 


Alveolar Non Keratinized 
mucosa S>yiaarei (olan 


Non Keratinized 


Sa Soyiaat-ii(elan 


Lining 
mucosa 


Floor of the Non Keratinized 
mouth S>yiaarei (olan 


Non Keratinized 


See See TOT 


Fig. Microscopic features of oral mucosa 


Gingival Epithelium is divided into three parts 
@ Oral/ Outer Epithelium: Thick Ortho keratinized/ 
para keratinized epithelium. 


@ Sulcular Epithelium/Crevicular epithelium: Thin para 
keratinized/non-keratinized epithelium 


@ Junctional Epithelium: Epithelium specialized for 
attachment to the tooth. 


een a “a « ; a 
Fig 2.13 Gingival epithelium(Courtesy- Dr.P.C.Anila) 
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EPITHELIAL ORGANIZATIONS WITHIN GINGIVA: 


Table 2.1: Epithelial organizations within gingiva 


Non Keratinized Epithelium 
(Crevicular Epithelium) 


(Orthokeratinized Gingiva) 


Junctional Epithelium 





Keratinized layer/stratum corneum. Superficial layer / Stratum superficiale. | Absent 


Granular layer/stratum granulosum Absent 


Prickle cell layer/ spinous layer/stratum _ Prickle cell layer/ spinous layer/ stratum 


Prickle cell layer 
spinosum spinosum 


Basal layer/stratum basale Basal layer/ Stratum basale Basal layer 





Fig. 2.16 Parakeratinized epithelium 


@ Gingival Connective Tissue 
<> Gingival Collagen Fibres 
<> Connective Tissue Cellular Components 
<> Blood Supply, 
<> Lymphatics, 
<> Nerves. 


GENERAL ASPECT OF GINGIVAL EPITHELIUM: 


Oral EPITHELIUM: The tissue serving as the lining 
of the intraoral surfaces. It extends into the gingival 
crevice and adheres to the tooth at the base of the crevice. 
Fig. 2.15 Non-keratinized epithelium (Glossary of Periodontal terms, 2001) 





Principal cell types of epithelium are: 


@ Keratinocytes 
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@ Non-keratinocyte or clear cells — 
<> Langerhans cells 
<> Merkel cells 
<> Melanocytes. 


KERATINIZATION OF GINGIVAL EPITHELIUM: 


¢ Ortho _ keratinization represents | complete 
keratinization without nuclei in the stratum corneum 
and has a well-defined stratum granulosum. 


@ Para keratinization represents an intermediate stage 
of keratinization. Stratum corneum retains pyknotic 
nuclei, and kerato hyaline granules are dispersed. 


@ Non-keratinized Epithelium has neither stratum 
granulosum norcorneum, and superficial layer have 
viable nuclei. 


MELANOCYTES: 


¢ These are dendritic cells located in the basal and 
spinous layers of the gingival epithelium. 


@ They synthesize melanin in organelles. 





Fig. 2.17 Melanin pigmentation in gingival epithelium 
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Fig. 2.18 Melanin pigmentation in gingival epithelium 


LANGERHANS CELLS: 


@ These are dendritic cells located among keratinocytes 
at all suprabasal layers. 


@ They belong to the mononuclear phagocyte system 
(reticuloendothelial system) and are modified 
monocytes derived from the bone marrow. 


@ They contain specific granules (Birbeck’s granules) 
and marked adenosine triphosphatase activity. 


@ They are found in oral epithelium of normal gingiva 
and similar amounts in sulcular epithelium. 


@ They are probably absent from the junctional 
epithelium of normal gingiva. 


MERKEL CELLS: 


@ They are located in the deeper layers of the 
epithelium, 


@ They harbor nerve endings and are connected to 
adjacent cells by desmosomes. 


@ They have been identified as tactile preceptors. 
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Fig. 2.19 Non-keratinocytes in epithelium 
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ORAL OR OUTER EPITHELIUM: 


@ Covers the crest, the outer surface of the marginal 
gingiva and the surface of attached gingiva. 


@ It is ortho keratinized, or para keratinized. 


@ The degree of gingival keratinization diminishes with 
age & onset of menopause. 


@ Keratinization of the oral mucosa varies in different 


areas in the following order: Palate (most keratinized), 
Gingiva, Tongue, & Cheek (least keratinized). 


SULCULAR EPITHELIUM: 


CREVICULAR Epithelium: The non-keratinized epithelium 
of the gingival crevice.(Glossary of Periodontal terms, 
2001) 


@ It lines the gingival sulcus. 


@ It is thin, non-keratinized, stratified squamous 
epithelium without rete-pegs. 


@ It extends from the coronal limit of the junctional 
epithelium to the crest of the gingival margin. 


@ The sulcular epithelium has the potential to 
keratinize if 


|. It is reflected and exposed to the oral cavity. or 


2. The bacterial flora of the sulcus is eliminated. 
JUNCTIONAL EPITELIUM (JE): 


Junctional Epithelium (JE): A single or multiple layer of 
non-keratinizing cells adhering to the tooth surface at 
the base of the gingival crevice. Formerly called epithelial 
attachment. (Glossary of Periodontal terms, 2001) 


JE, is an epithelial structure that mediates adhesion of 
gingiva to the tooth surface by hemidesmosomes and a 
basal lamina and having as its sloughing surface the base of 
the gingival sulcus. 


@ JE is part of the marginal ‘free’ gingiva, forms a collar 
peripheral to the cervical region of the tooth, and 
hence is not visible intra-orally. 


@ JE is located below the bottom of the sulcus. 


@ In the inter-proximal area, the JE adjacent to 
neighboring teeth fuse to form the epithelial lining of 
the interdental col. 


Gingiva 
The coronal termination of the JE is a free surface 


and is located either at the bottom of the sulcus, at 
the gingival margin or at the interdental col area. 


Under pristine conditions, the epithelial seal extends 
from CE] to the gingival margin, averaging about 2 
mm in height. 


JE is capable of forming and replacing itself 
continuously throughout life. 


It is 3 — 4 layers thick in early life, but the number of 
layers increases with age to I|0 or even 20. 


Length of JE ranges from 0.25 to 1.35 mm. 


The JE is triangular in cross section, tapers off in 
the apical direction, and it consists of 15 to 30 cell 
layers coronally and only | to 3 cell layers at its apical 
termination. 


In contrast to oral gingival epithelium, JE does not 
express keratins KI/2 and KIO, typically found in 
terminally differentiated keratinized epithelium. 


@ JE is permeable — 


<> JE cells are interconnected by a few desmosomes 
only and occasionally by gap junctions. 


<> It has a non-keratinizing epithelial cell layer at the 
free surface with wide intercellular spaces. 


<> Penetration of a certain substance through 
epithelium is related to its size, charge and 
lipophilicity. Substances with small molecular 
size like organic acids diffuse faster through 
undifferentiated epithelial cell layers than large 
structural components such as lipopolysaccharides 
or bacterial membrane proteins. 


The fluid-filled intercellular spaces may vary in width 
but are wider in comparison with the oral gingival or 
sulcular epithelium. 


PMNs are found in the central region of the JE 
and near the tooth surface. Lymphocytes and 
macrophages reside in and near the basal cell layer. 
Antigen presenting cells and Langerhans and other 
dendritic cells are also present. 


The JE particularly its basal cell layers, is well 
innervated by sensory nerve fibres. Substance P 
and CGRP are released which controls vascular 
response. 
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@ The JE is attached to the tooth surface by means ¢ The stratum intermedium cells of the reduced enamel 


of an internal basal lamina and to the gingival 
connective tissue by an external basal lamina. 
The internal basal lamina consists of lamina densa 
(adjacent to the enamel) and lamina lucida to which 
hemidesmosomesare attached. 


All JE cells express a unique set of cytokeratins, 
including Nos. 5, 13, 14, and 19, and occasionally also 
weak activity for cytokeratins Nos. 8, 16, and 18. 


The functions of junctional epithelium are 


<> ATTACHMENT: Its prime function is attachment 
to the tooth and forms a cuff around it. 


<> TISSUE HOMEOSTASIS: Heals and regenerates 
after injury. 


~~ ACTS AS A BARRIER — The subepithelial 
basement membrane restricts the entrance of 
toxic substances. 


<> ANTIMICROBIAL DEFENCE. 
e Rapid shedding and high turnover rate. 
e Funnelling effect. 


e Presence of basement membrane with 
glycosaminoglycans, fibronectin, laminin and 
collagen. 


e Cytokine production by JE cells and 
macrophages, Phagocytotic activity and 
release of activated epithelial products and 
antimicrobial substances like Defensins, 
Cathelicidin, | Calprotectin, | Lysosomal 
enzymes like peroxidases, hyaluronidase. 


e High permeability - Flow of leukocytes and 
soluble serum derived substances through 
the JE. 


Development of JE: 


@ The JE forms as the tooth crown eruptinto the oral 


Cavity. 


@ Priortothe emergence of the tooth into the oral cavity, 


the enamel surface is covered by the reduced enamel 
epithelium that consists of reduced ameloblasts and 
the remaining cells of all other layers of the enamel 
organ. 


iy 


epithelium and the oral epithelial cells proliferate following 
breakdown of the interposed connective tissue. These two 
epithelia eventually fuse to form an epithelial cell mass. 


When the tips of the cusps or the incisal edge of the 
crown breaches the oral mucosa or shortly before the 
establishment of the first contact between the reduced 
enamel epithelium and the oral gingival epithelium, a slow 
cell transformation process develops. 


Beginning orally and ending at the cementoenamel 
junction | to 4 years later, the reduced enamel epithelium 
gradually converts into junctional epithelium, a multi layer 
non keratinizing squamous epithelium. 


During the transformation process, the reduced 
ameloblasts change their morphology from short columnar 
to flattened cells that are oriented parallel to the enamel 
surface. 


The cells external to the reduced ameloblasts undergo 
a structural change. However, unlike the reduced and 
transformed ameloblasts, these external cells regain 
mitotic activity. 


These transformed ameloblasts migrate in a coronal 
direction, are exfoliated at the bottom of the sulcus, 
and eventually are replaced by the cells external to the 
reduced/transformed ameloblasts. 


It has been proposed that the JE which was originally 
derived from the reduced enamel epithelium may be 
replaced in time by a JE formed by basal cells originating 
from the oral gingival epithelium. This holds true, at least, 
for de novo formation of the JE following gingivectomy. 
However, basal epithelial cells other than those of oral 
gingival origin may also regenerate a JE. 


The Junctional Epithelial and Interstitial 
Cells: 


¢ The basal cells face the gingival connective tissue. 


The basal cells and the adjacent | to 2 suprabasal cell 
layers are cuboidal to slightly spindle-shaped. 


All remaining cells of the suprabasal layer are flat, 
oriented parallel to the tooth surface, and closely 
resemble each other. 


The innermost suprabasal cells (facing the tooth 
surface) are also called DAT cells (directly attached 
to the tooth). 
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@ JE cells migrate in the coronal direction toward the 
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Gingival eptithelium 


free surface, where they desquamate. In addition, 
the DAT cells are said to migrate toward the sulcus 
bottom. 


The basal lamina together with hemidesmosomes forms 
the interface between the tooth surface and JE. It is termed 
as ‘epithelial attachment’. 


It is a stratified squamous non-keratinizing epithelium that 
is made up of 2 strata only - a basal layer (the stratum 
basale) and a suprabasal layer (the stratum suprabasale). 


The JE faces both the gingival connective tissue (lamina 
propria of the gingiva) and the tooth surface. 


JE cells express numerous cell adhesion molecules (CAMs), 
such as integrins and cadherins, Carcinoembryonic Ag- 
related cell adhesion molecule | (CEACAMI), ICAM-I, 
IL-8, IL-la, IL-1 B, TNF-a, Epidermal growth factor (EGF), 
Tissue plasminogen activator (t-PA) and its inhibitor 
PAI-2 


Matrix metalloproteinase (MMP) are also seen in JE. 


JE around implants always originates from epithelial cells 
of the oral mucosa, as opposed to the JE around teeth 
which originates from the reduced enamel epithelium. 
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Fig. 2.20 Epithelium of gingiva — (Courtesy- Dr.P.C.Anila) 
BASAL LAMINA/Basement Membrane (BM): 


@ It is present in between the epithelium and connective 
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tissue. 
The functions of BM include: 


<> Compartmentalization (Physical barrier function), 
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Filtration (selective permeability barrier function or 
molecular sieve function), 


Migration. 


aS 
<> Cell polarization. 
aS 
aS 


Adhesion, and 
Differentiation. 
Epithelium is attached by the hemidesmosomes. 


It consists of lamina lucida, clear zone below the 
basal cell layer of epithelium and lamina densa, layer 
of finely granular or filamentous material. 


The hemidesmosomes consist of an attachment 
plaque associated with cytokeratin filaments and the 
sub basal dense plate, which is extracellularly located 
in the lamina lucida. 


The lamina densa directly faces the enamel, dentin, or 
cementum (fibrillar or afibrillar). 


They usually consist of a lamina lucida (also known 
as the lamina rara), a lamina densa, and a lamina fibro 
reticularis (also known as the sub-basal lamina). 


‘External basal lamina’, is present between the basal 
cells of the JE and gingival connective tissue 


‘Internal basal lamina’ forms part of the interfacial 
matrix between thetooth facing JE cells (also known 
as DAT cells) and tooth surface. Laminin-5 expression 
is unique to this lamina. 


At the apical end of the JE, the basal lamina is 
continuous with the basement membrane. 


Loop of finely band fibres are seen attached to 
the lamina densa called as anchoring fibril (Type IV 
collagen). 


Typical matrix constituents of the basement 
membrane are collagen types IV and VII, laminin, 
heparan sulfate proteoglycan, fibronectin, nidogen 
(entactin), and the proteoglycan perlecan. 


LAMININ: A high molecular weight glycoprotein 
composed of three polypeptide chains that are 
organized in a cross-like manner; functional domains 
of this molecule have affinity for cell surface 
receptors and extracellular matrix components; a 
principal component of the basal lamina.(Glossary of 
Periodontal terms, 2001) 
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GINGIVAL CONNECTIVE TISSUE: 


@ The connective tissue of the gingiva is also called as 
lamina propria and consists of two layers — 


<> Papillary Layer — towards epithelium which 
consists of papillary projections between the 
epithelial rete pegs. 

<> Reticular Layer — towards alveolar bone and is 
contiguous with the periosteum of the alveolar 
bone. 


@ It contains collagen type I, IV fibers, oxytalan, elaunin, 
and elastin fibres. 


@ Intercellular matrix contains proteoglycans and 
glycoproteins. 


DENTOGINGIVAL UNIT/ DENTOGINGIVAL 
COMPLEX: 


The dento-gingival unit (DGU) is described as a functional 
unit composed of the epithelial attachment and connective 
tissue attachment of the gingiva, both of which afford 
biologic protection. 


Gargiulo et al. applied the term — Physiologic DGU to 
the anatomic complex formed by gingival margin, sulcus, 
junctional epithelium and connective tissue attachment. 


The dentogingival junction is an anatomical and functional 
interface between the gingiva and the tooth structure. 


lt provides attachment of the gingiva to the enamel surface 
via hemidesmosomes and provide structural integrity to 
gingiva. 


Biologic width is the term applied to the dimensions of the 
dentogingival junction. 
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Fig. 2.21 Dento gingival unit (Courtesy — Dr.P.C.Anila) 
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The connective tissue fibrous attachment, the junctional 
epithelium or epithelial attachment and the gingival 
sulcus are sometimes refered to as the functional unit 
of the periodontium called the Dentogingival unit/ 
Dentogingival complex. The DGU is habitually located 
close to the cementoenamel junction; the gingival margin 
slightly covering the limits of the dental crown. 


GINGIVAL FIBRES: 


FIBER: A filament or thread. In periodontics, the term 
usually refers to collagenous or elastic connective tissue 
fibres. (Glossary of Periodontal terms, 2001) 


ALVEOGINGIVAL Fibers: Collagenous fibers that 
radiate from the bone of the alveolar crest into the lamina 
propria of the free and attached gingiva.- (Glossary of 
Periodontal terms, 2001) 


CIRCULAR Fibers: Collagenous fiber bundles within 
the gingiva that encircle the tooth in a ring-like fashion. 
(Glossary of Periodontal terms, 2001) 


DENTOGINGIVAL Fibers: Numerous collagenous 
fibers that extend from cervical cementum to the lamina 
propria of the free and attached gingiva.(Glossary of 
Periodontal terms, 2001) 


DENTOPERIOSTEAL Fibers: Fibers running from 
the cementum over the periosteum of the outer cortical 
plates of the alveolar process where they insert into the 
alveolar process or muscle in the vestibule of the floor of 
the mouth. (Glossary of Periodontal terms, 2001) 


@ The gingival lamina propria consist of mainly of 
the dense network of collagen fibre bundles that 
account for about 55-60% of the connective tissue 
volume. This network is called the supra gingival fibre 
apparatus. 


@ The significant portion of the connective tissue 
(lamina propria) of the free and attached gingiva 
consists of dense networks of collagen fibrils, which 
interdependently fulfil numerous functions 


@ These fibre bundles are densely populated by (about 
200 |06/cm3) of connective tissue and consist mainly 
of collagen Type | and type III as extractable collagens 
in a proportion of 91% to 8%. 


@ Collagen type | represents mainly dense fibres. Type 
Ill is related to loose connective tissue sub-epithelially 
and around blood vessels. 
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@ Cellular components include 
Fibroblasts, 

Mast cells, 

Macrophages, 
Histiocytes, 

Adipose cells, 

Plasma cells, 


Lymphocytes, 


$$ ooo ood 


Eosinophils. 


@ These cells vary in number with the need for and 
degree of protective activity. 


@ Maintenance of this fibrous complex is facilitated by 
a connective tissue turnover rate that is much faster 
than that of skin. 


@ Consequently, post inflammatory repair of the fibre 
apparatus is completed within 40 to 60 days. 


Functions: 


@ Supra-gingival fibre apparatus not only attaches the 
gingiva to the teeth and bone, but also provides a 
dense framework that accounts for the rigidity and 
the biomechanical resistance of the gingiva. 


@ Thus gingival turgor - the resilience and pliability 
of the attached gingiva as measured during micro 
compression, is significantly smaller than that of the 
adjacent alveolar mucosa. For this reason, the gingiva 
is able to withstand friction forces and pressures that 
result from mastication. 


¢ The fibre apparatus also controls the positioning of 
teeth within the dental arch. 


@ In addition to contributing to tooth positioning and 
bio-stability of gingival tissues, they protect the very 
sophisticated cellular defences located at the dento- 
gingival interface. 


@ To brace the marginal gingiva firmly against the 
tooth. 


@ To provide the rigidity necessary to withstand the 
forces of mastication without being deflected away 
from the tooth surface. 


@ To unite the free marginal gingiva with the cementum 
of the root and the adjacent attached gingiva. 


Gingiva 
It provides firmness to the gingiva to the attachment 


of the gingiva to the underlying cementum and 
alveolar bone. 


Types: 


The collagen fibres course in various directions, and 
although they are intimately blended, they are classified 
into groups with presumed functions based on the location 
and insertion into, 


Trans-septal 
Trans-gingival 
Semi-circular 
Circular 
Dento-gingival 
Dento-periosteal 
Alveolo-gingival. 
Periosteo-gingival 
Inter-papillary 


Inter-circular 
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Inter-gingival 
Trans-septal fibres: 


@ First described by Black 


@ It constitutes a major part of the supra-alveolar fibre 
apparatus 


@ They are related to mesial drift. 


@ Form a layer of variable thickness that inserts in the 
supra-alveolar root cementum of the mesial and distal 
surfaces of the adjacent teeth, using the shortest path 
between these teeth. 


@ This arrangement exists irrespective of tooth 
rotation. The formation and insertion of trans-septal 
and dento-gingival fibres are not specific to certain 
anatomic surfaces but is functionally rather than 
anatomically determined. 


@ They maintain relationships of adjacent teeth and 
protect interproximal bone. 
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Trans-gingival fibres: 


@ Attach in the proximal surface of one tooth 
¢ Traverse the interdental space diagonally 


@ Runs around the facial or lingual surface of the 
adjacent teeth 


@ Runs diagonally the interdental space and 

@ Attaches the proximal surface of the next tooth. 

@ They secure alignment of teeth in the arch. 
Semi-circular fibres: 


@ Attach to the proximal surfaces ofa tooth,immediately 
below the cement enamel junction, 


@ Runs around the facial or lingual, marginal gingiva of 
the tooth 


@ Attaches to another proximal surface of the same 
tooth. 


@ They maintain contour and position of free marginal 
gingiva. 
Inter-papillary fibres: 


@ Connect the vestibular and oral interdental papillae 
to one another. 


@ Provide support for interdental gingiva. 


Inter-circular fibres: Stabilize teeth in the arch. 


Inter-gingival fibres: Provide support and contour of 
attached gingiva. 


Circular fibres: Provide tonus maintain contour and 
position of free marginal gingiva. 


Table: Functions of the gingival fibres 


Attach the gingiva to teeth and 
bone 


Dento-gingival 
Dento-periosteal 
Alveolo-gingival 
Periosteo-gingival 


Link all the adjacent teeth into a 
complete dental arch unit 


Circular 
Semi-circular 
Inter-circular 
Trans-gingival 
Trans-septal 


Inter-gingival 
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Blood supply: 


@ All the vessels originate from inferior and superior 
alveolar arteries. 


@ There are three sources of blood supply to gingiva: 
<> Supra-periosteal arterioles. 
<> Vessels of the periodontal ligaments. 


<> Arterioles that emerge from crest of interdental 
septa. 


The blood supply to the pulp itself appears to be under 
cholinergic control, whereas the blood supply to the 
gingiva seems to be under non-adrenergic, non-cholinergic, 
control. 


Laser Doppler flow metry is used to assess pulpal and 
gingival blood flow, as well as pulpal vitality. 


Lymphatic drainage: 


@ Conventional light microscopy, transmission 


electron microscopy, injection methods and enzyme 
histochemistry are used to identify lymphatic vessels 
in gingiva. 
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@ In addition, lymphatics beneath junctional epithelium 
extend to the periodontal ligament and accompany 
the blood vessels. 


@ It acts as an efficient drainage pathway of the excessive 
interstitial fluid and immune cells and plays an active 
role in the immune defence of the gingiva, which is 
apparently exposed to foreign antigens. 


Nerve supply: 


@ Derived from fibres arising from nerves in the 
periodontal ligament and from the labial, buccal, and 
palatal nerves. 


Age changes in Gingiva: 
@ The width of the attached gingiva increases with age. 


¢ A thinning of the epithelium and diminished 
keratinization are observed with aging. 
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¢ A flattening of rete pegs and an increase in the height Principal sources and suggested further 
of the epithelial ridges associated with ageing has reading: 


been demonstrated. 


The number of cellular elements decreases as age 
increases and age-related functional, and structural 
alterations in fibroblasts have also been shown 
both in vitro and in vivo.A marked reduction in the 
collagen production by fibroblasts can also be seen 
with ageing. 

Nuclear proliferating cell nuclear antigen (PCNA) is a 
nuclear protein associated with the cell cycle in oral 
gingival epithelium. PCNA immunoreactivity is found 
in the proliferative compartment of normal gingiva. It 
increases with age and gingival inflammation. 


Reports suggest a rapid and severe development 
of gingivitis: clinical signs of inflammation as well as 
changes in the inflammatory response induced by 
gingivitis in elderly patients. 


Systemic endocrine alterations in the elderly can 
affect the gingiva. 


Review Questions: 


Essay Questions: 


2. 


Define gingiva. Describe macroscopic and 


microscopic features of Gingiva. 


Describe the development and structure of junctional 
epithelium. 


Short notes: 


CON DO WO HR W NY 


Gingival sulcus. 


. Structure and functions of attached gingiva. 
. Gingival fibres. 

. Gingival pigmentation. 

. Attached gingiva. 

. Age changes in the gingiva. 

. Dento-gingival unit. 


. The pigmentation of the gingiva. 
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Periodontal Ligament (PDL) is the integral part of the ATTACHMENT APPARATUS: The 
periodontium.The periodontium is an attachment apparatus cementum, periodontal ligament, and alveolar 
of the teeth. bone— (Glossary of Periodontal terms, 2001). 

¢ The width of the PDL varies from 0.15 to 0.38mm. PERIODONTIUM: The tissues that invest and support 

The average width of periodontal ligament is: the teeth including the — gingiva, alveolar mucosa, 


cementum, periodontal ligament, and alveolar and 


2! 1 to | f age, 
<> 0.21 mm at I to 16 years of age supporting bone.— (Glossary of Periodontal terms, 2001). 


<> 0.18 mm at 32 to 50 years of age, and 


<> 0.15 mm at 51 to 67 years of age cingiva 
<> It shows that the width of the PDL decreases as Soft tissues 
the age advance. Periodontal 
Te , . . . : . ligament 
@ It is thinnest in the middle region of the root resulting Periodontium 
in a hour-glass shape. This indicates that the fulcrum 
of movements is in this region. Thickness of PDL Cementum 
increases with excessive occlusal stress and decreases Hard tissues 
in functionless and embedded teeth. 
¢ The rate of mesial drift of tooth is related to health, neg 


dietary factor and age. It varies from 0.05 to 0.7mm Fig. 3.1: Periodontium 


er year. , 
ps 2 | — . PERIODONTAL: Situated or occurring around a 
@ Teeth are slightly more mobile in the early morning tooth; pertaining to the periodontium. — (Glossary of 
than in the evening Periodontal terms, 2001). 
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@ On one side, the PDL is attached to root of the tooth Otherterms which were previously used for periodontal ligament 
by cementum while on the other side it is attached to are desmodont, gomphosis, peri-cementum, dental periosteum, 


the alveolar bone. alveolo-dental ligament and periodontal membrane. 
P. MEMBRANE (Archaic): The periodontal ligament. — Ce | Ba “2S “ES 
(Glossary of Periodontal terms, 2001) | a Sipe : sy a 


P. LIGAMENT: The connective tissue that surrounds and 
attaches roots of teeth to the alveolar bone. — (Glossary of 
Periodontal terms, 2001) 


att = ~ oth 
a WW, 
ee ag , ; 


P. SPACE: The space between the tooth root and 
alveolar bone containing the periodontal ligament. — 
(Glossary of Periodontal terms, 2001) 





The periodontal ligament is soft specialized connective 
tissue situated between the covering the root of the Fig. 3.2: Periodontal ligament connecting alveolar bone 
tooth and the bone forming the socket wall. and cementum (Courtesy — Dr.P-C.Anila) 


¢ It is present in the periodontal space, which is situated Evolution: 
between the cementum of the root of the tooth and @ Periodontium has evolved from reptiles to mammals. 


the bone forming the socket wall. ¢ There is a replacement of the ankylosis of the tooth 
and bone in reptiles to a ligamentous suspension of 
the tooth in mammalian teeth resulting in movement 
and continual repositioning as required by the jaw 
growth and tooth wear. 


@ The PDL extends coronally up to the most apical part 
of the connective tissue of the gingiva and provides 
soft tissue continuity between the mineralized 
connective tissues of the periodontium. 


ah . Development: 
@ The PDL is a soft, fibrous, cellular, specialized connective P 
tissue. @ Shortly after the beginning of root formation and the 
formation of the outer dentinal layer of root, the PDL 
¢ It consists of blood vessels, various cells and extra cellular er 


matrix. 

@ The cervical loop of dental organ proliferates and 
extends to formHertwig’s epithelial root sheath. This 
sheath is double layered. The root sheath is stretched 

< The majority of the fibers are collagen and the with root formation and then it fragments to from 

matrix consists of macromolecules like proteins the discrete clusters of the ‘epithelial cells called as 
and eacenandes: Epithelial cell rests of Malassez. 


<> Extra cellular matrix consists of fibers and the 
ground substance. 


@ The enamel organ is surrounded by a dental sac 
formed by condensed cells. A thin layer of these 
cells lied adjacent to the dental (enamel) organ. This 
is known as Dental follicle. 


@ The cells of the dental follicle divide and differentiate 
into the cementoblasts, fibroblasts and osteoblasts. 


¢ The fibroblasts synthesize the fibres and ground 
substance of the PDL. These fibres of PDL then get 
embedded at one end into the newly formed 
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cementum laid by cementocytes and at the other end 
into the bone laid by osteoblasts. 


@ When tooth erupts in oral cavity, thefibres get 
oriented in a characteristic manner. The fibre bundles 
of the PDL gradually thicken. 


@ The damaged periodontal fibres are replaced and 
remodelled by newly formed fibres. 


The cells of the periodontal ligament; 


Various types of cells are found in a functioning PDL. They 
help in the synthesis and resorption of the alveolar bone 
and fibrous connective tissue of the periodontal ligament 
and the cementum. The renewal capability is an important 
characteristic of PDL. The fibroblasts of the PDL provide 
maintenance of the system when repair is required. 


The cells of the periodontal ligament may be divided into 
following types, 


(i) Synthetic cells ; 
¢ Osteoblasts. 
¢ Fibroblasts. 
¢ Cementoblasts. 
(ii) Resorptive cells; 
¢ Osteoclasts. 
¢ Fibroblasts. 
¢ Cementoclasts. 
(iii) Progenitor cells; 
¢ Undifferentiated mesenchymal cells. 
(iv) Developmental remnants; 
¢ Epithelial rests of Malassez. 
(v) Inflammatory cells; 
¢ Mast cells. 
¢ Macrophages. 


Synthetic Cells: 


@ The cells of periodontal ligament synthesize the 
alveolar bone, cementum and fibrous connective 
tissue. 


@ In the PDL, synthetic cells are present in all stages of 
activity. These synthetic cells produce proteins. These 
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functional activities are reflected morphologically 
under the light and electron microscope. 


@ Under light microscope, the organelles are seen as 
clear, unstained area in abundant haematoxylin stained 
cytoplasm. 


@ Alarge open faced or vesicular nucleus which contains 
a prominent nucleoli reflects increased transcription 
of RNA and production of the ribosomes. Large 
quantities of RER (rough endoplasmic reticulum) 
and Golgi bodies are recognized in the electron 
microscope. 


Osteoblasts: 

¢ OSTEOBLAST: A fully’ differentiated cell, 
arisingtrom mesenchymal progenitors, that 
is responsible for the production of bone 
matrix and the resorptive remodeling — of 
bone. - (Glossary of Periodontal terms, 2001) 
¢ OSTEOGENESIS: Development of bone; 
formation of bone. - (Glossary of Periodontal 
terms, 2001) 


@ Osteoblasts are derived from the multi-potent 
mesenchymal cells. 


@ They cover the periodontal surface of the alveolar 
bone. The surface of the bone lining a socket is 
regarded as an interior surface of the bone. These 
constitute the modified endosteum. 

@ The osteoblasts cover this surface of the bone in 
various stages. 

@ The collagen fibres of PDL that penetrate the 
alveolar bone are present between these cells. 

¢ OSTEOCYTE: An osteoblast that has become 
embedded within the bone matrix. - (Glossary of 
Periodontal terms, 2001) 


Fibroblasts: 


¢ FIBROBLAST: The predominant connective 
tissue cell; a flattened, irregularly-branched cell with 
a largeoval nucleus that is responsible, in part, for 
the production and remodeling of the extracellular 
matrix. - (Glossary of Periodontal terms, 2001) 


@ Fibroblasts are the principal cells of the PDL. 


@ Fibroblast cells are capable of both synthesis and 
resorption. The mononuclear fibroblasts can resorb 
the collagen fibres of PDL. 
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@ The PDL fibroblasts have migratory as well as contractile 
properties. 


@ It occupies about 25% of the cell density in adult human 
premolar. 


@ The fibroblasts are arranged parallel to the collagen 
fibres. In cross section, they may exhibit a stellate 
appearance. 


¢ Fibronexus: Fibroblasts attach to collagen via an 
attachment plaque. This type of attachment is called as 
fibronexus. 
Cementoblasts: 


# Cementoblasts are found on the 
cementum. 


surface of the 


@ They are distributed in the same manner as the osteoblasts 
are on the bone surface. 


@ They are technically associated with periodontal ligament 
but are functional associates of cementum. 


Communication among PDL cells: 

@ Gap junctions (GJs) are composed of connexin (Cx) 
subunit proteins. They comprise one of the intercellular 
communication systems for electrical and metabolic 
coupling between adjacent cells. 


Resorptive Cells: 
Osteoclasts: 


OSTEOCLAST: A large, multinucleated cell, arising 
from mononuclear precursors of the hematopoietic 
lineage that is associated with bone resorption. - 
(Glossary of Periodontal terms, 2001) 


@ These are multinucleated cells which resorb the bone. 


@ Osteoclasts are normally seen in a functioning periodontal 
ligament,as it helps in remodelling. [he remodelling process 
allows functional changes in the position of tooth. 


@ Under light microscope, the osteoclasts are seen to be 
present in the shallow depression known as Howship’s 
lacunae. 


@ When viewed under electron microscope, these cells 
exhibit numerous mitochondria,lysosomes, abundant Golgi 
saccules and free ribosomes, but little rough endoplasmic 
reticulum. 


@ The surface of an osteoclast which is in contact with 
the bone has a ruffled border. The cytoplasm below this 
membrane lacks the organelles and is known as ‘Clear 
zone’. 


@ Resorption occurs in two stages. The osteoclasts 
demineralize the inorganic part as well as disintegrate 
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the organic matrix. At first, the mineral is removed at 
bone margins, and then the exposed organic matrix 
disintegrates. 


@ Inactive osteoclasts does not have the ruffled border. 


Fibroblasts: 


@ Fibroblast cells are capable of both synthesis and 
resorption. 


@ The collagen fibres of PDL can be resorbed by the 
mononuclear fibroblasts as a part of remodelling process. 


Cementoclasts: 
# Cementoclasts are found in the PDL but the cementum 
is not remodelled like alveolar bone and periodontal 
ligament. 


@ These multinucleated giant cells are located in Howship’s 
lacunae on the surface of cementum. 


¢ Their function is similar to osteoclasts and resorb 


cementum. 


Progenitor Cells: 


PROGENITOR CELL: An undifferentiated cell that 
gives rise to one or more types of more specialized cells. 
- (Glossary of Periodontal terms, 2001) 


@ Progenitor cells are the undifferentiated mesenchymal 
cells. They constitute an important cellular component 
of the periodontal ligament. 


@ They have the capacity to undergo mitotic division and 
replace the differentiated cells dying at the end of their 
lifespan. 


@ The progenitor cells are located in perivascular region and 
they migrate to PDL. These cells have a small close-faced 
nucleus and a very little cytoplasm. 


@ When cell division occurs, one of the daughter cells 
differentiates into functional type of connective tissue cells. 
The other remaining cells retain their capacity to divide. 


@ In orthodontic therapy, after application of pressure to a 
tooth or after wounding, burst of mitosis occurs in the 
progenitor cells. 


¢ PDL stem cells (PDLSCs) were reported to have 
immune-modulatory and periodontaltissue regenerative 
properties. 


Epithelial Rests of Malassez: 


@ It was first described by Malassez in 1884 and are found 
close to the cementum. 
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@ These cells are remnants of the Hertwig’s epithelial root 
sheath. 

@ These epithelial rests are formed at the time of cementum 
formation. The continuous layer of root sheath breaks into 
lace-like strands. 

@ They are arranged parallel to the root surface and persist 
as a network, strands, islands or tubule-like structures. 

@ The electron microscopic observation revealed that these 
cells exhibit the tonofilaments and are attached to each 
other by desmosomes. 

@ When a longitudinal or transverse section of a tooth is 
seen, the strands of the network appear as the isolated 
islands. 

@ The epithelial cells are isolated from the connective tissue 
cells by basal lamina. 

@ They are more frequent on the mesial side of molars than 
on the distal side. Their numbers decreases with age along 
all aspects of the roots. 


@ Cells of the epithelial rests can undergo rapid proliferation 
and can produce a variety of cysts and tumours. 


Functions: They are supposed to 


@ Prevent resorption of roots during orthodontic 


movement. 
@ Have a role in mesial migration of the tooth. 


@ Release biological mediators. 
MAST CELL: 


A tissue cell, often found around blood vessels, which 
produces histamine, heparin, leukotrienes, and platelet 
activation factor. Important in immediate hypersensitivity 
reactions. (Glossary of Periodontal terms, 2001) 


@ Mast cells are the small, round or oval. 


@ These cells are characterized by the numerous cytoplasm 
granules and a small, indistinct round nucleus. 


@ The diameter of the mast cells is about 12 to |5 microns. 


¢ The granules have been shown to contain heparin and 
histamine, but the role of heparin in the mast cells is not 
clear. 


@ The release of the histamine into the extracellular 
compartment causes proliferation of the endothelial and 
mesenchymal cells. 


@ These granules stain with basic dyes. These are also 
positively stained by Periodic acid Schiff reagent. 
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@ Under electron microscope, the mast cell cytoplasm shows 
to contain free ribosomes, granular endoplasmic reticulum, 
few mitochondria and prominent Golgi apparatus. The 
diameter of granules averages about 0.5 to | micron and 
the granules are membrane bound. 


@ Mast cells play an important role in regulating the 
endothelial and fibroblast cell populations. These cells 
degranulate in response to antigen-antibody formation on 
their surface. 


MACROPHAGES 


MACROPHAGE: A large phagocytic cell of the monocyte 
series. Important as an antigen-presenting cell and as a 
producer of certain cytokines such as interleukin-l and 
gamma interferon. (Glossary of Periodontal terms, 2001) 


HISTIOCYTE: A large phagocyte (macrophage)present 
in connective tissue that has important antigen 
processing, immunoregulatory, and phagocytic 
properties. - (Glossary of Periodontal terms, 2001) 


@ Macrophages are derived from blood monocytes. 
@ These are present near the blood vessels. 


@ These cells have a horseshoe-shaped or kidney-shaped 
nucleus with peripheral chromatin. 


@ The phagocytised material is present in the cytoplasm of 
macrophages. 


@ Under electron microscope, microvilli are seen on the 
surface and cytoplasm contains numerous free ribosomes. 
Rough endoplasmic reticulum is less prominent and 
numerous lysosomes are present. 


@ Macrophages help in phagocytising dead cells and secreting 
growth factor, which helps to regulate the proliferation of 
adjacent fibroblasts. 


Extra Cellular Substance: 
Extra cellular substance comprises the following 
|. Fibers 
a. Collagen 
b. Oxytalan 
2. Ground Substance 
a. Proteoglycans 


b. Glycoproteins 
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Fibres: 


The fibers of the periodontal ligament are made up of 
collagen and oxytalan. 


Collagen: 


@ Collagens are the most abundant proteins in the animal 
kingdom. 


@ COLLAGEN: A genetically distinct family of structural 
macromolecules of the extracellular matrix that contains 
one or more domains assembled in a triple helix. These 
proteins form a wide variety of structures. - GPT 


@ Collagen fibers are the principal fibers of the PDL and 
basically made up of type | and type III collagen. 


@ Collagen is a high molecular weight protein. 
@ Sugars and glycoproteins are attached to collagen. 


@ There are approximately 19 types of collagen, which have 
been described so far. 


@ Each collagen is produced by a different gene. 


¢ Collagen macro molecules are rod-like and are arranged 
in the form of fibrils. The fibrils show an ordered periodic 
banding pattern. These fibrils are of very small diameter so 
these cannot be seen by light microscope. 


@ Fibrils are packed side by side to form bundles or fibers. 
These fibers are the smallest order of collagen that can be 
seen by light microscope. The collagen fibers show deep 
green color by Masson’s trichrome stain. 


@ Many collagen fibers are arranged in larger bundles and 
are termed principal fibers. 


@ The half-life of collagen fibers is between 3 to 23 days. 
@ Vitamin C helps in the formation and repair of collagen. 


@ Collagens are divided roughly into three groups based on 
their abilities to form fibrils. 


<~ FIBRIL-FORMING COLLAGENS; Those 
that form banded collagens. Type |, Il, Ill,V and XI 
collagens. 


<~ FIBRIL-ASSOCIATED COLLAGENS WITH 
INTERRUPTED TRIPLE HELIXES; these are 
associated with the surface of fibril forming collagens. 
Types IX, XII, XIV. 


<~ NON-FIBRILLAR COLLAGENS; 


e NETWORK-FORMING COLLAGENS; Types 
IV, VIIl and X. 
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e FORMING BEADED COLLAGEN; Type VI. 
e ANCHORING FIBRILS; Type VII. 
What is a fiber? 


FIBER: A filament or thread. In periodontics, the term 
usually refers to collagenous or elastic connective tissue 
fibers. (Glossary of Periodontal terms, 2001) 


THE PRINCIPAL FIBERS OF THE PDL: 


PRINCIPAL Fiber: The major fiber groups of 
thefunctioning periodontium: — (Glossary of Periodontal 
terms, 2001) 


@ On one side of the periodontal space, the collagen 
fibers are embedded into cementum while on the 
other side they are attached to the alveolar bone. 
These embedded fibers are the Sharpey’s fibers. 


¢ These fibers get entrapped in alveolar bone either 
during thedevelopment of the interdental septum or 
by bone deposition at the alveolar crest. 





\ 


Fig. 3.3: Principal fibers in PDL (Courtesy — Dr.P-C.Anila) 


The principal fibers are arranged in five particular groups. 
These are as follows: 
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Fig 3.4: Principal fibers of PDL 


Apical Fibers 


Periodontics & Oral Implantology 


Chapter 3 


Cementum 


Trans Spetal Fibers 





Fig. 3.5: Transseptal fibers 


a. Alveolar Crest Group: 


ALVEOLAR CREST FIBER: Attaches to the 
cementumjust apical to the cemento-enamel junction 
and runapically and laterally to insert into the surface 


ofthe alveolus. — (Glossary of Periodontal terms, 


2001) 


¢ The fibers originate from the crest of the alveolar 
process to the cervical part of the cementum. 


¢ They retain the tooth in the alveolus, oppose 
lateral forces and protect deeper periodontal 
ligament structures. 


Horizontal Group: 


HORIZONTAL FIBER: Located just apical 
to thealveolar crest group, these fibers run 
perpendicularto the long axis of the root from 


cementum to bone.-— (Glossary of Periodontal terms, 


2001) 


¢ These fibers run at right angles to the long axis 
of the tooth from the cementum to the alveolar 
bone. 


¢ It opposes lateral forces. 
Oblique Group: 


OBLIQUE FIBER: The most numerous fiber 
group ofthe periodontal ligament; run from the 
cementumoutwardly and coronally to insert into the 
bone. — (Glossary of Periodontal terms, 2001) 


¢ The bundles of theoblique group constitute the 
main attachment of the tooth. 


¢ These fiber bundles are most numerous. 


¢ They run obliquely from thecementum to the 
bone. 


¢ It opposes axially directed forces. 
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Fig. 3.6: Oblique fibers of PDL (Courtesy —Dr.P.C.Anila) 


d. Apical Group: 


APICAL FIBER: Radiates from the cementum 
around the apex of the root to the adjacent bone. 
(Glossary of Periodontal terms, 2001) 


¢ The fibers radiate from the apical region of the 
root to the surrounding bone. 


¢ These bundles are irregularly arranged. 


¢ They prevent tooth tipping, extrusion, protects 
vessels ang nerve SUPPIY to the tooth. 





Fig. 3.6:(Courtesy — Dr. PC. Anila) 


e. Inter-Radicular Group: 


INTERRADICULAR FIBER: Found between the 
roots of multirooted teeth, these fibers run from the 
cementum into the crestal bone of the inter-radicular 
septum. (Glossary of Periodontal terms, 2001) 


¢ The bundles originate from the furcation area of 
multirooted teeth to the crest of inter-radicular 
septum. 
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f. Trans-septal group: 


TRANSSEPTAL FIBER: Collagenous fibers that 
run interdentally from the cementum just apical to 
the base of the junctional epithelium of one tooth 
over the alveolar crest to insert into a comparable 


region of an adjacent tooth.(Glossary of Periodontal 
terms, 2001) 


¢ They run between the adjacent teeth. 


¢ Theyare considered to be a part of the gingival 
fibers. 


¢ They prevent teeth from losing contact. 


¢ The principal fibers course from cementum to 
bone. 


¢ Under light microscope, it is seen that some fibers 
arising from cementum and bone are joined in the 
mid-region of the periodontal space. This gives 
rise to a distinct zone called as intermediate 
plexus. 


¢ Theremodeling of fibers takes place inintermediate 
plexus. This allows adjustments in the ligament, 
which accommodate small movements of the 
tooth. But there is no support for this belief and 
it is thought that intermediate plexus is an artifact 
that arises out of the plane of section. 


¢ Indifferent fiber plexus: Collagen fibers 
associated with larger principal collagen fibers 
run in all directions and form a plexus called the 
indifferent fiber plexus. 


Oxytalan: 


OXY TALANF.:Fibersfoundinallconnectivetissuestructures 
of the periodontium that appear to consistof thin, acid- 
resistant fibrils. Their function isunknown.— (Glossary of 
Periodontal terms, 2001) 
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@ These fibers were described initially by Fullmer and 
resemble pre-elastic fibers both histochemically and 
ultrastructurally. 


LG 


@ Some elastic fibers found in the periodontal ligament 
known as oxytalan are largely restricted to the walls 
of blood vessels. 





¢ The fibers originate from cementum or possibly bone 
- and are embedded into the walls of blood vessels. 
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Fig. 3.9: PDL fibers 
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The function of oxytalan is to support the blood Structures Present in the Connective Tissue: 


vessels in the periodontal ligament. 


Oxytalan fibers may be immature elastic fibers. If the 
tissues are oxidized and then stained to color elastic 
fibers, oxytalan fibers can be demonstrated under 
light microscope. 


The orientation of oxytalan is an axial direction. Near 
the apex, they form a complex network. 


Another type of immature fibers that are encountered 
in the periodontal ligament is elaunin fibers. 


Elaunin and oxytalan may play a role in spatial 
organization of collagen fibers and in maintaining the 
patency of blood vessels. 


Ground Substance: 
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The ground substance is present in between the 
cells and the fibers of the periodontal ligament. 
All the anabolic and catabolic substances pass 
through ground substance. Hence, for proper 
functioning of the periodontal ligament its integrity 
should be maintained. 


It has two major groups of substances that 
areproteoglycans and glycoproteins. These are 
composed of proteins and polysaccharides. They 
are demonstrated histochemically by a dye or as an 
electron dense material under electron microscope. 


Fibronectin occurs in filamentous form in the 
periodontal ligament. This glycoprotein contains 
a chemical group that gets attached to the surface 
of the fibroblast, the collagen, proteoglycans and 
fibrin. The orientation of these proteins is related to 
microfilaments in cytoplasm of fibroblast. 


In PDL, the ground substance has 70% 
water.The function of ground substance is 
transporting the food to cells and the waste 
products from cells to blood vessels. 


Interstitial tissue blood vessels, lymphatics and 
nerves are surrounded by a loose connective 
tissue and these areas are known as interstitial 
tissue. They can be recognized under light microscope. 
Their biologic significance is not known. 
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Following structures are present in the connective tissue: 
Blood Vessels: 
@ PDL has an exceptionally rich vascular supply. 


@ The main blood supply is from superior and inferior 


alveolar arteries. 


Major arterio-venous anastomoses occur in the 
PDL. 


The blood vessels are derived from the following. 


<> Branches from apical vessels - vessels supplying 
the pulp 


<> Branches from intra-alveolar vessels — run 
horizontally and penetrate the alveolar bone to 
enter into PDL. 


<> Branches from gingival vessels. 


The arterioles and capillaries ramify and form a rich 
network, which is mostly found in the periodontal 
space, nearer to bone than cementum. 


Since the PDL is a highly vascularized softconnective 
tissue that occupies from 4% to 4/% of the tissue 
volume, these alterations affect both theblood supply 
and oxygen transport in the local environment of the 
PDL cells. 


<> Rich vascular plexus is found at the apex and in 
the cervical part of the ligament. 


<> Compression on the blood vessels (due to heavy 
forces applied on the tooth) leads to the necrosis 
of cells. 


Lymphatics: 
@ Lymphatic vessels are also found in the PDL. 


@ The lymphatic drainage is from the ligament to the 


alveolar bone. 


@ Lymphatic vessel network allows the path of blood 


vessels. 


Nerves: 


@ Nerves found in ligament pass through foramina in 


the alveolar bone. 
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@ These nerves are the branches of second and third Functions of the PDL: 


division of fifth cranial nerve (trigeminal nerve). These 
nerves follow the same path as blood vessels. 


In apical region, the nerves run toward the cervix. 


The nerves which are present along the root, branch 
and these run coronally as well as apically. 


The nerve fibers may be myelinated and of large 
diameter. Large diameter fibers are concerned with 
pressure and they terminate in variety of endings as 
knob-like, spindle-like and meissner-like. 


Alternatively, they may be of small diameter. These 
fibers are concerned with pain transmission. These 
end in the fine branches throughout the ligament. 


CEMENTICLE: 


A calcified, spherical body composed of cementum, lying 
free within the periodontal ligament, attached to the 
cementum or imbedded within it.(Glossary of Periodontal 
terms, 2001) 
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Cementicles are the small-calcified bodies present in 
POL. 


They are either attached to the root surface or lay 
free in the PDL space. 


They may form into the large calcified bodies and 
fuse with cementum or they remain free. 


When they join with cementum, cementicles form 
the excementoses. 


The origin of cementicles is not known and are 
generally found in old age. 


It is a possibility that degenerated epithelial cells from 
a nidus for calcification. 


They appear on radiographs and may interfere 
periodontal treatment. 


Cemental spurs: 
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Cemental spurs are symmetrical spheres of cementum 
attached to the cemental root surface. 


It can be found at or near the cemento-enamel 
junction. 


It is formed due to the irregularity in cementum 
formation. 


It poses difficulty in diagnosis of calculus and interferes 
in periodontal treatment. 


@ The periodontal 


ligament has many functions, 
important among them are as follows: 


Supportive Function: 


@ When a force acts on the tooth and the tooth moves 


in its socket, the PDL gets compressed while the 
other part of the periodontal space gets widened, 
and provides support for the tooth. 


The collagen fibers present in the PDL act as a cushion 
to withstand the masticatory forces. 


The pressure of the blood in the ligament also provides 
Support and a cushioning effect for the tooth. 


In the widened part of the periodontal space, the 
collagen fibers extend to a certain limit after the 
application of a force to the tooth.Because these 
fibers are non-elastic in nature, these help to prevent 
the tooth from being moved too far. 


Sensory Function: 


@ The nerves of periodontal ligament provide the 


proprioceptive mechanism to detect an application 
of small force to the teeth and also very small 
displacement of teeth. 


Thus, it helps in protecting the supporting structures 
of tooth and modulate the masticatory force. 


The pressure receptors in the ligament have a 
protective role. Apical blood vessels are protected 
from excessive compression by the suspensory 
apparatus of the teeth. 


Nutritive Function: 


¢ Blood vessels of the periodontal ligament 


provide nutrition to the cells of periodontium 
because they obtain various anabolites and other 
substances, which required by the cells of the 
ligament. 


@ Blood vessels also remove catabolites from the PDL. 
Formative Function: 


@ The cells of periodontal ligament produce the 


cementoblasts and the osteoblasts. [he cementoblast 
and osteoblast can form new cementum and bone 
respectively. 
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Homeostatic Mechanism: 


4 


It is a continuous process which occurs throughout 
the life of the tooth.Among all the connective tissues 
in body, the turnover rate of the collagen of the 
periodontal ligament is fastest. 


The cells of periodontal ligament have an ability to 
resorb and synthesize the extracellular substances 
of the ligament, alveolar bone and cementum. The 
mechanism by which the resorption and synthesis 
occurs is unknown. 


The cells of PDL closer to the alveolar bone are more 
active than those closer to cementum. 


Deposition of cementum is a slow, continuous process 
while resorption does not occur regularly. 


The resorption and synthesis are the controlled 
procedures. Under normal condition, all tissues of 
the periodontium maintain their integrity. 


If the homeostatic mechanism is upset, there is 
derangement of the periodontium. If there is a 
chronic damage of PDL without repair, the bone is 
deposited in the periodontal space. This results in the 
obliteration of the space leading to ankylosis between 
bone and tooth. 


The quality of the tissue changes, if the balance 
between synthesis and resorption is disturbed. 


Vitamin C and proteins are essential for collagen 
synthesis. In cases of deficiencies, continuous 
resorption without any replacement leads to loss of 
attachment. 


The connective tissue cells of the periodontal 
ligament are turned over. The old cells are replaced 
by the new cells that are provided by cell division of 
the progenitor cells. 


With loss of function, the extracellular substance of 
the PDL is lost. Increased deposition of cementum and 
decrease in alveolar bone tissue which is reversible, 
and is largely controlled by cells. It is called as the 
homeostatic mechanism. 


So, the main function of the PDL is to support the 
tooth in the bony socket. Its thickness varies in 
different teeth in the same person and in different 
locations on the same tooth. 
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@ PDL cells showed direct cell-cell contact via cell 
processes and functional communication with each 
other through Gap junctions. Additionally, hypoxic 
stress decreased the inter-communication which was 
attributable to a decrease in Connexins, suggesting 
a possible role for these cells in the regulation 
of biochemical reactionsin response to hypoxia. 
Indicating either a positive influence of these gap 
junctions on bone formation or anegative influence 
of GJs on bone resorption. 


@ Functional homeostasis of the PDL space (150-380 
Um) is maintained by constant turnover of PDL, bone 
remodeling and deposition of lamellar cementum. 


THEORIES REGARDING RESISTANCE TO THE 
IMPACT OF OCCLUSAL FORCES 


@ TENSIONAL THEORY 
@ VISCOELASTIC SYSTEM THEORY 
@ THIXOTROPIC THEORY 


TENSIONAL THEORY: 


@ When a force is applied to the crown the principal 
fibers first unfold and straighten 


¢ They transmit forces to the alveolar bone, causing an 
elastic deformation of the bony socket. 


@ Finally when the alveolar bone has reached its limit, 
the load is transmitted to the basal bone. 


VISCOELASTIC SYSTEM THEORY: 


@ The components of the PDL act as a shock absorber. 
The PDL along with tissue fluid and the blood in 
blood vessels acts as a viscoelastic system. 


@ When the forces are transmitted to the tooth, the 
extra cellular fluid passes from the PDL into the 
marrow spaces of bone through foramina in the 
cribriform plate. 


¢ These perforations of the cribriform plate link the 
PDL with the cancellous portion of the alveolar bone 
and are more abundant in the cervical thirds. 


@ After depletion of the tissue fluids, the fiber bundles 
absorb the slack and tighten. This leads to blood 
vessel stenosis. 
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¢ Arterial backpressure causes ballooning of the vessels 
and passage of blood ultra filtrates into the tissues. 


THIXOTROPIC THEORY: 
@ Claims that the periodontal ligament has the 
rheological behavior of a thixotropic gel. 
@ The physiologic response of the PDL may be explained 
by changes in the viscosity of the biologic system. 
Ageing of periodontal Ligament: 


@ Aging occurs in all tissues of the body including all 
ligaments. 


@ The number of cells and their activity decrease, 
scalloping occurs in cementum and alveolar bone. 


@ Some fibers are attached at the peaks of those 
scallops only and not in the depressions. 


@ If general and dental health is good, periodontium 
may remain healthy even in advanced age. 


Review Questions: 


Essay questions: 


|. Describe the microscopic features of the periodontal 
ligament. 


2. Describe the principal fibers of the periodontal 
ligament. 


Short notes: 
3. Cementicles. 
4. Functions of Periodontal ligament. 


5. Theories regarding resistance to the impact of 
occlusal forces. 


6. Age changes in the periodontal ligament. 
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Principal Sources and Suggested Further 
Reading: 


@ Glossary of Periodontal Terms, 4th Ed, The American 
Academy of Periodontology, 200 | 


@ Hebling E (2012). Effects of Human Ageing on 
Periodontal Tissues, Periodontal Diseases -A Clinician’s 
Guide, Dr. Jane Manakil (Ed.), ISBN: 978-953-307- 
818-2, InTech, Available from:http://www.intechopen. 
com/books/periodontal-diseases-a-clinician-s-guide/ 
effects-of-human-ageing-onperiodontal-tissues 


@ Newman et al., Carranza’s Clinical Periodontology, 
|O/e, 2006, Saunders, St Louis, Missouri. 


@ R. Kato, Y. Ishihara, N. Kawanabe, K. Sumiyoshi, Y. 
Yoshikawa, M. Nakamura, et al. Gap-junction-mediated 
Communication in Human Periodontal Ligament 
Cells. Dent Res 92(7):635-640, 2013. 


@ Rose,L., Mealey, B., &Genco, R. Periodontics: Medicine, 
Surgery, and Implants. 2004 (Ist ed.). Mosby. 


@ Schroeder, H.E. The periodontium, in A.Oksche& L. 
Vollrath (eds.), Handbook of Microscopic Anatomy, 
1986, Vol. v/5., Springer-Verlag, Berlin, pp. 233-313. 
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Chapter Outline: 


¢ Definitions 

¢ Development. 

¢ Types of cementum. 

¢ Cementum matrix. 

¢ Cementum unique molecules. 
¢ Cells of cementum. 


Cementum is the thin layer of calcified tissue covering the- 
dentin of the root. It is one of the four tissues that support 
the tooth in the jaw ie the periodontium; the other tissues 
are the alveolar bone, the periodontal ligament, and the 
gingiva. 

The term cementum is derived from the Latin word - cae- 
mentum or “cement”: Stone particles used to make mor- 
tar. 

Two types of integration between ligament and bone can 
be seen in our body. They are 


¢ Fibro-cartilaginousenthesesseen in various joints 
with 4 regions — ligament, uncalcified fibrocartilage, 
calcified fibrocartilage and bone. 


¢ Fibrous entheses called gomphosisseen in cranial 
sutures and PDL attachment with alveolar bone/ 
cementum, where the ligament is directly inserted 
into the mineralized tissue. 


Although many of these periodontal tissues have been 


extensively studied, cementum remains the least known. 


Indeed, among all the mineralized tissues in the body, very 
little is known about its origin, differentiation and cell dy- 
namics of the cementoblast. 
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Incremental lines of Saltier 

Cemento enamel junction 

Review Questions. 

Principal references and suggested further 
reading: 


Cementum is present only on the roots of the tooth in 
humans whereas it is present on the crown of thetooth 
in herbivorous animals as part of their adaptation to their 
diet habits. 


CEMENTUM 


The thin, calcified tissue of ectomesenchymal origin cover- 
ing the roots of teeth in which embedded collagen fibers 
attach the teeth to the alveolus.(Glossary of Periodontal 
terms, 2001) 


ACELLULAR CEMENTUM. 


That portion of the cementum that does not incorporate 
cells. (Glossary of Periodontal terms, 2001) 


CELLULAR CEMENTUM: 


That portion of the cementum that contains cementocytes. 
lt is found primarily in the apical third of the root.(Glossary 
of Periodontal terms, 2001) 

Cementum is a hard, mineralized, non-uniform,avascular 
connective tissue that covers the roots of the teeth. 
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Development: 


CEMENTOGENESIS: The development or formation of 
cementum.(Glossary of Periodontal terms, 2001) 
@ Developmentally cementum is thought to be derived 
from the investing layer of the dental follicle. 


@ Cementum formation occurs along the entire tooth. 


@ Hertwig’s epithelial root sheath (HERS) is the 
extension of the inner and outer dental epithelium. 


@ HERS sends aninductive signal to ectomesenchymal 
pulp cells to secrete predentin by differentiating into 
odontoblasts. 


@ HERS becomes interrupted,and the ectomesenchymal 
cells from the inner portion of the dental follicle 
come in contact with pre-dentin and differentiate 
into cementoblasts. 


@ Cementoblasts lay down cementum. 


¢ Cementum formation begins when both epithelial 
cells of HERS and mesenchymal cells of the dental 
follicle are in proximity to the developing root 
surface. 


@ Though aconsiderable amount of progress in research 
has been done in recent decades, the contribution 
of epithelial and mesenchymal components toward 
cementogenesis remains an area of debate. 


<> HERS becomes disintegrated prior to any 
cementum deposition. 


<> Mesenchymal cells ofthe dental follicle, penetrate 
the HERS bilayer and deposit initial cementum 
matrix while immediately adjacent epithelial cells 
are separated from the root surface by a basal 
lamina and do not secrete any cementum matrix. 


<> In contrast to rodents, HERS is removed from 
the root surface prior to cementum deposition 
in humans. 


<> Both amelogenin mRNAs and proteins are absent 
from the root surface and from the cervical-most 
ameloblasts. 


<> Cementum protein extracts do not cross-react 
with amelogenin antibodies. 
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The three theories that have been proposed to explain 
cementogenesis are 


@ The classical theory: 


<> Cementum is a dental follicle derived connective 
tissue that forms subsequent to HERS 
disintegration. 


<> Infiltrating dental follicle cells receive areciprocal 
signal from the dentin or the surrounding HERS 
cells and differentiate into cementoblasts. 


@ HERS cells directly differentiate into cementoblasts. 


@ Epithelial cell rests of Malassez may have a salient role 
in the formation of cementum. 


Proteins associated with Cementogenesis include, 


@ Bone sialoprotein (BSP) and osteopontin (OPN) 
are expressed during early tooth root development 
by cells along the root surface. Root-surface cells 
express the BSP, and it is also present in mature teeth. 
In contrast, OPN is present within the periodontal 
ligament region of mature teeth. These two proteins 
are believed to play a major role in the differentiation of 
the cementoblast progenitor cells to cementoblasts. 


@ The BSP is believed to serve adhesion function 
forrootsurfacecells and to participate in initiating 
mineralization. It is chemotactic to pre-cementoblasts 
and promotes their adhesion and differentiation. 


@ The OPN is expressed by many cells during periods 
of cementogenesis. It regulates cell migration, 
differentiation, survival, and inflammation. In teeth 
and cementum, it may regulate biomineralization 
by at least two mechanisms: regulating bone cell 
differentiation and matrix mineralization. 


¢ Growth factors: 
<> Transforming growth factor(TGF) 
<> Platelet-derived growth factor(PDGF) 
<> Fibroblast growth factor(FGF) 


Adhesion molecules 
Epithelial/enamel-like factors 


Collagens 


¢ ¢e¢hU OH hU PH 


Gla proteins 
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@ Matrix 


¢ Collagens 


¢ Transcription factors - Cbfa |, Osterix 


@ Others - Alkaline phosphatase 


The development of cementum is subdivided into 
@ PREFUNCTIONAL STAGE which occurs throughout 
root formation 


@ FUNCTIONAL STAGE which starts when the tooth 
is in occlusion and continues throughout life. 


Types of cementum: 


The various types of cementum encountered may be clas- 


sified as: 


@ Based on the time of formation of cementum: 


<> Primary cementum: The cementum that forms 
prior to the eruption of the tooth to the occlusal 
plane. 


<> Secondary cementum: As the tooth completes 
active eruption into the oral cavity and meets its 
opposing tooth in the other arch, the formation 
of cementum occurs over the more organized 
primary cementum. 


@ Based on the presence and absence of cells: 


<> Cellular cementum: 


During the formation of thesecondary 
cementum, cells in the layer of secreting 
cementoblastsget entrapped within the 
cementum matrix. 


These entrapped cementoblasts become 
cementocytes similar in appearance to the 
entrapped osteoblasts on the alveolar bone 
side. 


These areas of cementum that contain 
cementocytes are called cellular cementum. 


<> Acellular cementum: 


It is the primary cementum. 


Cementocytesare not seen in this type of 
cementum 
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Fig. 4.1: Types of cementum (Courtesy — Dr.P.C.Anila) 


<> Based on the nature and origin of the organic 
matrix: 


Afibrillar cementum: It lacks a fibrillar 


organization. 


Fibrillar cementum: It is similar to alveolar 
bone in chemical composition. 


Extrinsic fiber cementum. 
Intrinsic fiber cementum. 
Mixed fiber cementum. 


Combination types 


<> Schroeder has classified cementum present in 
human teeth as follows: 


Acellular afibrillar cementum. 
Acellular extrinsic fiber cementum. 
Cellular mixed stratified cementum. 
Cellular intrinsic fiber cementum. 


Intermediate cementum. 


Cementum 
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Tab 4.1: Types of Cementum 
a 


Acellular afibrillar 
cementum 


Cementoblasts 


Fibroblasts 
Cementoblasts 


Acellular extrinsic fibre 
cementum. 


Fibroblasts 
Cementoblasts 


Cellular mixed stratified 
cementum 


Cellular intrinsic fibre 
cementum 


Cementoblasts 


Remnants of Hertwig’s 


Intermediate cementum 
epithelial root sheath 


«———— Enamel 


x——————_  Dentine 


—— Acellular 
Afibrillam 





<«—— Acellular 


Extrinsic 
Cellular ———~ 


Intrinsic Fiber 
Cementum 








Stratified 


Intermediate 
Cementum 


Fig. 4.2: Distribution of different types of cementun 


@ Acellular Extrinsic Fiber Cementum (AEFC-Primary 
Cementum): 


<> Located in cervical half of the root and constitutes 
the bulk of cementum. 


Cc 


Cementum 


Cementum 


Cellular Mixed 


Cementum 


Coronal cementum(CE}) | to I5u 
Cervical 1/3 30 to 230u 
inna 100 to 1000p 


Apices, Furcation areas 
Resorption lacunae 


Cemento-dentinal junction 


<> 


The collagen fibersare derived from Sharpey’s 
fibers and ground substance from cementoblasts 


Fibers are well mineralized. 


It covers 2/3rds of root corresponding with the 
distribution of primary acellular cementum 


<> 
<> 


Principal tissue of attachment 


Function in anchoring of tooth and essential for 
root support. 


@ Cellular intrinsic fiber cementum (CIFC-Secondary 
Cementum ): 


<> 


It starts forming after the tooth reaches the 
occlusion. 


<~ It has intrinsic fibers and _ incorporated 
cementocytes with themajority of fibers organized 
parallel to the root surface. 


Cells have the phenotype of bone forming cells. 


It is multilayered with each layer measuring |0 to 
100 um in thickness. 


Itis demarcated by hematoxylinophilic incremental 
lines. 


<> An alternation of intensely and weakly stained 
lamellae (each about 2.5um thick) frequently. It 
is proposed that periodic changes of the intrinsic 
fiber arrangement causes this alternate lamellar 
pattern. 
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<> Corresponds to cellular cementum and is seen 
in themiddleto apical third of the root and inter- 
radicular areas. 


<> A minor role in attachment (virtually absent in 
incisors and canine teeth). 


<> It plays arole in adaptation and repair during tooth 
movements like shifting, drifting and eruption. 


Secondary cellular mixed fiber cementum (SCMFC): 
<> Both intrinsic and extrinsic fibers are present. 
<> It forms the bulk of thesecondary cementum. 


<> Cementoblasts entrapped in the matrix are seen 
as Cementocytes. 


<> It is a laminated structure. 


<> Pre cementum or cementoidis seen on the 
surface. 


<> It is seen in theapical portion and inter-radicular 
areas. 


<> It helps in Adaptation. 


<~ Intrinsic fibers are uniformly mineralized, but 
the extrinsic fibers are variably mineralized with 
some central unmineralized cores. 


@ Acellular afibrillar cementum (AAC): 


<> Itis limited to theenamel surface. 


<> It is present close to the CE junction 

<> It lacks collagen, so plays no role in attachment 

<> Its exact origin is unknown. It may be a 
developmental anomaly or actual product of 
epithelial cells. 

Hyaline layer of Hopewell-Smith/ Intermediate 


Cementum (IC): 


<> The first layer of cementum is formed by the inner 
cells of the HERS and is deposited on the root’s 
surface and is called intermediate cementum or 
Hyaline layer of Hopewell-Smith. 


<> Deposition before the HERS 


disintegrates. 


OCCUrS 


<> It seals offthe dentinal tubules. 
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<> Intermediate cementum is situated between the 
granular dentin layer of Tomes and the secondary 
cementum that is formed by the cementoblasts 
(which arises from the dental follicle). 


<> It mineralizes greater than the adjacent dentin or 
the secondary cementum. 


It contains cellular debris trapped in a rapidly calcifying 
matrix. 


Acellular 


Cellular cementum(B) 





cementum(A) 


Lacunae and canaliculi 
containing cementocyte 
and their processes are 
present 


No cells are present. 


The Border with 
dentine is not 
clearly demarcated. 
The rate of 
development is 
relatively slow. 


The Border with dentine 
is clearly demarcated. 


The rate of development 
is relatively fast. 


Incremental lines 
are relatively close 
together. 


Incremental lines 
relatively are wide apart. 


Precementum layer 
is virtually absent. 


Precementum layer is 
present. 


T ab 4-2: Pimerences pence ea ane ae cementum 
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Fig. 4.3 Cellular cementum 
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Tab 4-3 Distribution and function of various types of cementum: 


From cervical margin to 





Acellular (primary) Extrinsic Ayareeaiere Anchorage. 
Cellular(secondary Intrinsic Middle to apical |/3rd and Adaptation, repair. 
Mixed (alternating layers of Intrinsic and Apical portions and ARR 
cellular and acellular) extrinsic furcations. P 
Spurs and patches over 
Acellular afibrillar — enamel and dentine along Ne sow 
tia GE function. 
Contents: <> Hydroxy apatite- Cal0 (PO4)6(OH) 2 comprises 


45% - 50% of inorganic content. 


Physical Properties: e The hydroxyapatite crystals are thin, plate- 


@ Cementum is pale yellow with a dull surface ize aad similaiecadthose in bond: 
@ Cementum is more permeable than other dental 


. e They are on average 55 nm wide and 8 nm 
tissues 


thick. 
Its relative softness and the thinness at the cervical 
portion means that cementum is readily removed <~ Amorphous calcium phosphates 
by the abrasionwhen gingival recession exposes the <> Magnesium — 0.5 — 0.9% 


root surface to the oral environment. 


< Sulphur — 0.1 — 0.3% 
Chemical composition: 


¢ By wet-weight basis - 65% inorganic material, 23% ~~ Trace elements — Fluoride, Copper, Zinc, Sodium 


organic material and 12% water. ¢ Cementum is the most fluoride-rich tissue in the 


@ By volume - 45% inorganic material, 33% organic body. 


material and 22% water. 
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Cementum matrix: 


The cementum matrix is an opulent source of numerous 
growth factors that influence the cells of theperiodontium. 
lt acts as a base for cell adhesion, promotes cell spreading 
and organization of the cytoskeleton. 


The organic matrix of cementum is composed primarily of 
collagens. 


@ The types of collagen that are present in cementum 
are: 


<> Type | collagen - 90% - plays a structural and 
functional role. 


< Type Ill collagen -5% - seen in repair and 
regeneration. 


<> Type XII collagen. 
<> Trace amounts of Type V and Type XIV. 


@ The concentration of periodontal fibers: An average 
of 28,000 fiber bundles insert into each square 
millimeter of root cementum. 


@ The collagen content of the cementum is due to the 
<> Sharpey’s fibers (Extrinsic fibers) 


<> Cementum matrix (Intrinsic fibers) 


Extrinsic fibers: 
<> They are formed by the fibroblasts. 


<> They are inserted at right angles to the surface 
of cementum. 


<> They are the portions of principal fibers of the 
periodontal ligament that are embedded in the 
cementum. (Sharpey’s fibers). 


<> They help in anchoring the tooth. 


@ Intrinsic fibers: 
<> They are formed by the cementoblasts. 
<> These fibers belong to the cementum matrix. 


<> They are laid parallel to the surface of 
cementum. 


<> They do not aid in anchoring the tooth. 


Cementum contains two major non-collagenous proteins, 
bone sialoprotein (BSP) and Osteopontin (OPN). These 


Cementum y 


proteins, which are prominently expressed in AEFC and 
AAC, remain bound to the collagen matrix,and they possess 
cell attachment properties. Other contents include: 


4 


Bone sialoprotein (BSP) 
<> It is present in acellular and cellular cementum. 


<> It promotes mineralization of root surface to 
anchor fibers of PDL. 


<> LackofBSPcan inhibit formationand mineralization 
of acellular cementum. 


@ Osteopontin (OPN) 


@ Osteonectin — seen in cementoblasts producing 


CEFC and CIFC. 


@ Fibronectin - bind cells to the matrix 


@ Tenascin is present in the basement membrane of 


¢-etehUc OHH OHmhU Hh Hh OH SH 


HERS during odontoblast differentiation and later at 
the attachment site of PDL to the root surface. 


Several polypeptide growth factors which influence the 
proliferation and differentiation of cementoblastsare 
sequestered in the cementum matrix. These include 
BMP-2, -3, and 4, PDGF, a- and b FGFs, TGF-b and 
insulin-like growth factor-I (IGF-I) 


Proteoglycans 
Proteolipids 
Osteocalcin 
Laminin 
Vitronectin. 
Versican 

Decorin 

Biglycan 

Alkaline phosphate. 


Cementum unique molecules: 


Most of the substances mentioned aboveare also found in 
bone. The unique molecules present only in cementum are 
as follows. 
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IGF-I isoform referred to as cementum growth 
factor (CGF) 


Cementum protein (CEMP-I) is considered as 
a specific marker for cementoblasts, progenitor 
cells of periodontal ligament and mineralization of 
hydroxyapatite. 
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¢ Cementum attachment protein (CAP) promotes 
adhesion of mineralizedtissue forming cells. 


Table 4.4: Cells of cementum: 


Molecules in , _ 
Biological activity 
Cementum 


IGF-I, FGF PDGF 


TGF-B 


BMP 


EGF, CGF 


Collagens, 
Fibronectin 


BSP 


OPN 


CAP 


Proliferation, differentiation and 
matrix synthesis 


Matrix synthesis, Angiogenesis, 
Chemotaxis 


Matrix synthesis, differentiation, and 
bone formation 


Proliferation and differentiation 


Cell adhesion, Differentiation and 
regulates proliferation 


Cell adhesion, differentiation and 
mineralization 


Cell adhesion, regulates 
differentiation and surviva. 


Cell adhesion and differentiation 


Cells of cementum: 


@ Cementoblasts: 


<> They are the cementum forming cells. 


<> Ithasamesenchymal origin derived from thedental 
follicle or from the transformation of HERS. 


<> They are found on the surface of cementum. 


<> They lay the cemental matrix. 


<> Once they are entrapped in their matrix, they are 
called as cementocytes. 


@ Cementocytes: 


<> These are the cementoblasts that are trapped in 
their own mineralizing matrix. 


<> The cementocytes lie in lacunae and their process 
extend through channels that are called the 


canaliculi. 
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<> The number of cementocytesdepends on the rate 
of the formation of the cellular cementum. 


<> The rapid the cementum is laid, the more number 
of cementocytesare seen. 





Fig. 4.5: Cementocytes with canaliculi towards PDL 


Incremental lines of Salter: 


@¢ Cementum is deposited in an irregular rhythm 
resulting in unevenly spaced incremental lines. These 
lines are called as incremental lines of saltier. 


@ These lines are irregularly arranged and represent 
“rest periods” in cementum formation and are more 
mineralized than the adjacent cementum. 
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Fig: 4.6: Incremental lines of Salter(Courtesy — Dr.P.C.Anila) 


Reversal line: 


@ The line separating the repair tissue from normal 
underlying tissue is areversal line. 
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CEMENTOID: The uncalcified surface layer of cementum. 
Collagen fibers are incorporated into this tissue, some 
of which extend to the alveolar bone contributing to 


the periodontal ligament.(Glossary of Periodontal terms, 
2001) 


@ The cementum is covered by a layer of “cementoid.”. 





@ It is seen on the surface of the cellular cementum. 
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Cemento-enamel junction: Fig. 4.8: Cementum overlapping enamel (CE}) 


@ Cementoenamel junction is the point formed by the 
apical extent of enamel and thecoronal extent of 
cementum. 





@ It is an unmineralized layer that may undergo 
mineralization later. 


@ The types of cementoenamel junction are: 


<> Butt joint - 30% — when cementum and enamel 
meet at 900] 


<> Cementum overlays enamel - 60%-65% — when 
cementum overlaps the enamel 


<> Gap junction - 5% - 10% —When there cementum 
and enamel do not meet. This may be associated 
with dentinal sensitivity and wasting diseases. 





Fig. 4.9: Cementum meets enamel at a poin 
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Fig. 4.10: Gap between enamel and cementum 
(Cour-tesy —Dr.P.C.Anila) 
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Thickness of cementum: 


4 
4 


It varies in thickness at various levels of the root. 


It is thickest at the root apex and at the furcation 
areas whereas it is thinnest in the cervical region. 


The thickness of cementum on the coronal half of the 
root varies from |6 to 60 yu, or about the thickness 
of a hair. 


It attains its greatest thickness is up to 150-200u in 
the apical |/3rd and in the furcation areas. 


@ It is thicker on the distal than on the mesial side. 


@ Its thickness increases with age. 
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Fig 4.11: Varying thickness in cementum 


Hypercementosis: 
@ HYPERCEMENTOSIS: An excessive deposition of 


cementum. (Glossary of Periodontal terms, 2001) 


@ Itrefers to an adaptive change inthe PDL characterized 


by increased cementum thickness on the root surface 
above and beyond the extent necessary to fulfill its 
normal functions, resulting in abnormal thickening 
with macroscopic changes in shape. 


@ It is the prominent thickening of the cementum. 


@ This secondary cementumis formed after tooth 


eruption in response to functional demands. 


@ It is an age-related process. 


@ Excessive thickening of cementum may occur in 


fio) 


neoplastic or non-neoplastic conditions. Like Benign 
cementoblastoma, Cementifying fibroma, Peripheral 
cemental dysplasia, Florid |§©cemento-osseous 
dysplasiaand other benign fibro-osseous lesions. 


Hypercementosis of theentire dentition may occur in 
patients with Paget's disease. 
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Other systemic diseases or conditions that may lead 
to/ are associated with hypercementosis include 
acromegaly, arthritis, calcinosis, rheumatic fever, and 
thyroid goiter. 


Role of cementum: 


4 


lt covers and protects the root dentin (covers the 
opening of dentinal tubules). 


It provides attachment to the periodontal fibers. 


@ It protects against tooth resorption. 


@ It responds to occlusal forces either by undergoing 


resorption or apposition. 


Diseased cementum inhibits connective tissue cell 
attachment and growth. 


Differences between cementum and bone: 
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Cementum is not vascularized — a reason for it being 
resistant to resorption. 


@ Cementum has minor ability to remodel. 


¢ Cementum is more resistant to resorption compared 


4 


to thebone. 


Cementum lacks neural component — so it does not 
sense pain. 


45 — 50% of cementum is made by inorganic salts 
(Bone has 70%) 


Cementum attachment protein (CAP) is unique to 
cementum. 


Cementum is fluoride-richerthan other tissues. 


Clinical correlations: 


4 


Cellular cementum is similar to bone but has no 
nerves. Therefore, it is non-sensitive to pain. Scaling 
produces no pain, but if cementum is removed, dentin 
is exposed causing thesensitivity. 


Cementum is resistant to resorption especially in 
younger patients. Thus, orthodontic tooth movement 
causes alveolar bone resorption and not theloss of 
tooth structure within reasonable limits. The reason 
for this feature is unknown, but it may be related to: 


<> Differences in physicochemical or biological 
properties between bone and cementum 


<> The properties of the precementum. 
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<> The increased density of Sharpey’sfibres 
(particularly in acellular cementum). 


<> The proximity of epithelial cell rests to the root 
surface. 


In forensic investigations, age can be estimated by 
counting Tooth Cementum Annulations (TCA) 
between the cemento-dentinal junction and PDL. The 
number of incremental lines is added to the mean 
eruption age of the respective tooth to estimate 
theage of the sample. Its number increases with age. 


Premature loss of primary teeth especially 
mandibular incisors is seen in Hypophosphatasia. This 
is due to impaired cementum formation. The affected 
teeth cannot withstand occlusal forces leading to 
periodontal disease. 


Total periodontal healing that occurs through 
regeneration has been defined as the reconstitution 
of a new periodontium, which involves the formation 
of alveolar bone, new connective tissue attachment, 
and new cementum. A primary goal of regenerative 
periodontal therapy is to induce new cementum 
formation and restore the soft tissue attachment by 
applying growth factors, enamel proteins and BMP 
over the root surface. 


PERIAPICAL CEMENTAL DYSPLASIA. (Cementoma): 
A process of unknown origin. In which the periapical 
bone of vital teeth is replaced first by a fibrous type 
of connective tissue, and then by an osseocementoid 
tissue. During its early stages, this abnormality appears 
radiolucent and with time the center becomes opaque. 
It is classified as an odontogenic tumor. (Glossary of 
Periodontal terms, 2001) 


Age changes in cementum: 


@ With age, the smooth surface becomes irregular 


due to calcification of ligament fiber bundles where 
they are attached to the cementum and due to the 
resorption and apposition. 


Cementum is a dynamic tissue with its formation 
being a continuous process resulting in the increase 
in width with age. 


Continued deposition of cementum occurs with age 
in the apical area. It maintains tooth length but can 
lead to obstruction of the foramen. 
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Cementum resorption: Active for a period of time 
and then stops for cementum deposition creating 
reversal lines. 


Cementum 


Resorption of root dentin occurs with aging, which is 
covered by cementalrepair, which is responsible for 
the increased irregularity of the cemental surface. 


Ageing and death of the cementocytes occurs withage 
hence turnscementum more acellular. 


Review Questions: 


Essay Question: 


What is cementum?Briefly describe the structure of 
cementum 


Short notes: 


2. 


Se 


Classification of cementum. 
Age changes in cementum. 
Cementoenamel junction. 
Cementoid. 


Hypercementosis. 
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Chapter Outline: 


¢ Attachment Apparatus ¢ Alveolar B Proper 

¢ Development of Mandible * Development of Alveolar Process 
¢ Cortical plates: ¢ Bone Phenotypes 

¢ Fenestration ¢ Histology of alveolar bone: 

¢ Bone remodeling: ¢ Clinical Considerations: 


¢ Residual Alveolar ridge resorption 


¢ Age changes in the alveolar bone 


ATTACHMENT APPARATUS: 


The cementum, periodontal ligament, and alveolar bone. - 
(Glossary of Periodontal terms, 2001) 


BONE: The hard form of connective tissue that constitutes 
the majority of the skeleton of most vertebrates. It consists 
of an organic component and an inorganic, or mineral 
component. The organic matrix contains a framework of 
collagenous fibers and is impregnated with the mineral 
component, chiefly calcium phosphate and hydroxyapatite 
that imparts rigidity to bone. The alveolar process supports 
to alveoli, and consists of cortical bone, cancellous 
trabeculae and the alveolar bone proper. (Glossary of 
Periodontal terms, 2001) 


ALVEOLAR BONE PROPER 


Compact bone that composes the alveolus (tooth socket). 
Also known as the lamina dura or cribriform plate, the 
fibers of the periodontal ligament insert into it.(Glossary 
of Periodontal terms, 2001) 


BASAL BONE: The bone of the mandible and maxilla 
exclusive of the alveolar process. (Glossary of 
Periodontal terms, 2001) 
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¢ Compact B ¢ Development of maxilla and mandible 
e Structure of Alveolar Process 
¢ Spongy Bone /Spongiosa ° 
e Bone marrow stem cells 
e Assessment of bone loss 
¢ Bone Graft 


Bundle B. 


¢ Healing of bone 


¢ Review Questions 


COMPACT BONE: 


Bone substance that is dense and hard.(Glossary of 
Periodontal terms, 2001) 


Alveolar process is that part of the maxilla and the 
mandible that forms and _ supports the_ teeth 


sockets (alveoli) (Carranza | Othed) 
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The alveolar process is a tooth dependent tissue 
that develops in along with the eruption of the 
teeth. The development and presence of the tooth organs 


are necessary fi 
D 


(| Alveolar Bone 


for the formation and maintenance of the alveolar process. 
The volume, as well as the shape of the alveolar process, is 
determined by the form of the teeth, their axis of eruption 
and eventual inclination. 


DEVELOPMENT OF MAXILLA AND MANDIBLE: 


At the beginning of the second month of foetallife, the skull 
consists of three parts: 


<> The Chondrocranium, which is cartilaginous, 
forming the base of the skull with otic and 
nasal capsules. 


<> The Desmocranium, which is membranous, forms 
the lateral walls and roof of the braincase. 


<~ o The Appendicular or visceral part of the 
skull, which is cartilaginous, consists of the skeletal 
rods of the branchial arches. 


¢ The bones of the skull develop either by 
endochondral ossification replacing the cartilage or 
by intramembranous ossification in the mesenchyme 
or in proximity to cartilaginous parts of the skull. 


MAXILLA: 


¢ The human maxilla comprises of two bones, the 
maxilla proper, and the premaxilla 


@ The ossification centres of the premaxilla and maxilla 
may be separate for a very short time, or only one 
centre of ossification, common to _ both the 
premaxilla and maxilla. 


@ The incisive fissure separates the premaxilla and 
maxilla, which is clearly visible in young skulls. 


@ It is seen on the palate where it extends from the 
incisive foramen to the alveolus of the canine. 


Mandible: 


@¢ The mandible develops as an _ intramembranous 
bone. 


@ The mandible makes its appearance as a bilateral 
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@ The greater part of Meckel’s cartilage disappears 
without contributing to the formation of the bone of 
the mandible. 


@ Only a small part of the cartilage, some distance from 
the midline, is the site of endochondral ossification. 
Here the cartilage calcifies and is destroyed by 
chronodoclasts, being replaced by connective tissue 
and then by bone. 


@ Throughout foetal life, the mandible is a paired bone. 
Right and left mandibles are joined in the midline by 
——— in the mandibular symphysis. 


Hees alee ao i 
ats 


we) ees 

Se Ot ms SS ne 
a Pe a fo Fao 
ae . Ra eh Se 


a Se ies Sa 
oT , -y mit IG} sy 2A Fie Bok GN 
eS +} yi oY Y ’ a C ‘ t : 

ft, Lae rs . 





Fig. 5.2: Development of the alveolar bone 


Development of Mandible 


@ The cartilage at the symphysis is not derived from 
Meckel’s cartilage but differentiates from the 
connective tissue in the midline. 


@ In it, small irregular bones known as the mental 
ossicles develop and at the end of the first-year fuse 
with the mandibular body. 


@ At the same time, the two halves of the mandible 
unite by the ossification of the symphyseal 
fibrocartilage. 


Development of Alveolar Process: 


OSTEOGENESIS 


Development of bone; formation of bone.(Glossary 


structure in the sixth week of foetal life as a of Periodontal terms, 2001) 


thin plate of bone lateral to, and at some distance 
from the cylindrical rod of Meckel’s cartilage. 


OSSIFICATION: 


@ Its distal end at the midline is bent upward and isin To change into bone.(Glossary of Periodontal terms, 


contact with the cartilage of the other side. 
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2001) 
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@ By the end of the second month of fetal life, the 
maxilla as well as the mandible forms a groove that is 
open toward the surface of the oral cavity. 


@ The tooth germs are contained in this groove, which 
also includes the alveolar nerves and vessels. 


@ Gradually bony septa develop between the adjacent 
tooth germs, and much later the primitive mandibular 
canal is separated from the dental crypts by a 
horizontal plate of bone. 


@ The alveolar bone begins first to form by 
an  intramembranous ossification within the 
ectomesenchyme surrounding the developing tooth. 


@ During the period of rapid growth, the first bone 
formed is aless organized woven bone called 
chondroid bone that gets replaced with a more 
organized lamellar bone. 


Alveolar Bone > 


@ Inthe anterior part of the maxilla, the palatine process 
fuses with the oral plate of the alveolar process. 


@ In the posterior part of the mandible, the oblique line 
is superimposed laterally over the alveolar process 


@ Asa result of its adaptation to function, two parts of 


the alveolar 
+ Alveolar 
<> Supporting alveolar bone (SAB) 


distinguished. 
(ABP) 


process can be 
bone proper 


e Cortical plates 
e Spongiosa/ Spongy bone 


¢ Alveolar bone proper consists of a thin lamella of 
bone that surrounds the root of the tooth and gives 
attachment to principal fibers of the periodontal 
ligament. 


¢ Supporting alveolar bone is the bone that 


surrounds the alveolar bone proper and _ gives 
support to the socket. In turn, it consists of two 
parts: 

@ Cortical plates, which consists of compact 
bone and form the outer and inner plates of the 
alveolar processes 


@ The alveolar process forms with the development 
and the eruption of teeth, and, it gradually diminishes 
in height after the loss of teeth. 


Structure of Alveolar Process: 


ALVEOLUS 
¢ Spongiosal Spongy bone, which fills the area 


between these plates and the alveolar bone proper. 


CORTICAL PLATES: 


CORTICAL BONE: The compact bone at the surface 
of any given bone.(Glossary of Periodontal terms, 2001 ) 


The socket in the bone into which a tooth is attached by 
means of the periodontal ligament.(Glossary of Periodontal 
terms, 2001) 


@ Anatomically, no district boundary exists between 
the body of the maxilla or the mandible and their 


respective alveolar processes. . ; 
@ Cortical plates are continuous with the compact 


layers of the maxillary and mandibular body 


@ Much thinner in the maxilla and dense in the 
mandible. 


eerleacl @ They are thickest in the premolar and molar regions 
a of the lower jaw, especially on the buccal side. 
@ In the maxilla, it is perforated by many small openings 
f | through which blood and lymph vessels pass. 


@ In the region of the anterior teeth of both jaws, the 
supporting bone usually is very thin. No spongy bone 
is found here, and the cortical plate is fused with the 
alveolar bone proper. In such areas, notably in the 
premolar and molar regions of the maxilla, defects 
of the outer alveolar wall are relatively common. 


Y 





Fig. 5.3: The Alveolar process 
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Such defects, where periodontal tissues and covering 
mucosa fuse, do not impair the firm attachment and 
function of the tooth. 


@ The shape of the outlines of the crest of the alveolar 
septa in the radiographs is dependent on the position 
of the adjacent teeth. 


@ In a healthy mouth, the distance between 
the cementoenamel junction and the free border 
of the alveolar bone proper is relatively constant. 


@ If the neighboring teeth are inclined, the alveolar crest 
is oblique. 


@ In the majority of individuals, the inclination is 
most pronounced in the premolar and molar 
regions, with the teeth being tipped mesially. Then 
the cementoenamel junction of the mesial tooth is 
situated in a more occlusal plane than that of the 
distal tooth, and the alveolar crest, therefore, slopes 
distally. 


@ The interdental and inter radicular septa contain 
the perforating canals of Zuckerkandl and Hirschfeld 
(nutrient canals), which house the interdental and 
inter-radicular arteries, veins, lymph vessels and 
nerves. 


@ Histologically,the cortical plates consist of longitudinal 
lamellae and Haversian systems. In the lower jaw, 
circumferential or basic lamellae extend from the 
body of the mandible into the cortical plates. 
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Fig. 5.4: Histological section of alveolar 
bone (Courtesy — Dr.P-C.Anila) 
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Bone Phenotypes: 


¢ CBCT imaging analysis is used to measure the 
presence or absence of facial bone and calculate 
its volume. It is an axial slice 4 mm apical to the 
cementoenamel junction (CEJ) of maxillary 
anterior teeth (termed MPI) as well as at the 
mid-root position (termed MP2). 

¢ The dentoalveolar crestal zone is defined as the 

region from the CE] extending to a point 4 mm 
apical. 

@ The dentoalveolar radicular zone is dependent 
upon individual root length and is defined as the 
region from MPI to the root apex. 

¢ Crestal and radicular dentoalveolar bone 
phenotype can be assessed at any measurement 
slice within each zone. 

Mandelaris et al. have proposed a classification. 
Both crestal and radicular dentoalveolar zones 
can be categorized as either thick or thin. 
e Thick is described as 2 Imm of bone 
thickness 
e Thin is < | mm. 
Fig. 5.5: Classification of dentoalveolar zones(Mandelaris et al.) 
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@ Unfavorable dentoalveolar or  alveolo-skeletal 
anatomy may limit ideal tooth movement. 


@ Both tooth volume andtooth position within the 
alveolar housing are strongly correlated to gingival 
recession. 


SPONGY BONE / SPONGIOSA: 


CANCELLOUS Bone: Bone having a reticular, Spongy, 
or lattice-like | structure.(Glossary of Periodontal 
terms, 2001) 


TRABECULAE OF BONE: Anastomosing bony spicules 
in cancellous bone forming a meshwork — of 
intercommunicating spaces filled with connective tissue. 
(Glossary of Periodontal terms, 2001) 
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@ The marrow spaces in the alveolar process may BUNDLE BONE: 
contain hematopoietic marrow, but usually they 


contain the fatty marrow. A type of alveolar bone, so-called because of the “bundle” 


pattern caused by the continuation of the principal 
(Sharpeys) fibers into it(Glossary of Periodontal terms, 
2001) 


@ Bundle bone is that bone in which the principal fibers 


@ In the condylar process, in the angle of the mandible, 
in the maxillary tuberosity, and in other isolated foci, 
hematopoietic cellular marrow is found. 


¢ Based on radiographs the spongiosa of the alveolar 


process is classified into two main types. Both types 
show a variation in the thickness of trabeculae and 
size of marrow spaces. 
<> Type | — Ladder pattern — Common in mandible 
<> Type Il — Irregular pattern — Common in 
maxilla 


In type I the interdental and inter-radicular trabeculae 
are regular and horizontal in a ladder-like arrangement. 
The architecture of type | is seen most often in the 
mandible and has the general trajectory pattern of 
spongy bone. 


Type Il shows irregularly arranged, numerous, delicate 
interdental and inter-radicular trabeculae. It lacks 
a distinct trajectory pattern, which seems to be 
compensated for the by greater number of trabeculae 
in any given area. This arrangement is more prevalent 
in the maxilla. 


From the apical part of the socket of lower molars, 
trabeculae are sometimes seen radiating in a slightly 
distal direction. These trabeculae are less prominent 
in the upper jaw because of the proximity of the nasal 
cavity and the maxillary sinus. 


Alveolar Bone Proper (ABP): 


It forms the inner wall of the socket. 


It is perforated by many openings that carry branches 
of the interalveolar nerves and blood vessels into the 
periodontal ligament, and it is therefore called the 
cribriform plate or lamina cribriformis. 


The alveolar bone proper consists partly of lamellated 
and partly of bundle bone. Some lamellae of the 
lamellated bone are arranged roughly parallel to 
the surface of the adjacent marrow spaces, whereas 
others form Haversian systems. 


of the periodontal ligament are anchored. 


@ The term “bundle bone” was chosen by Stein and 


Weinmann because the bundles of the principal 
fibers continue into the bone as Sharpey’s fibers. 


¢ The bundle bone contains fewer fibrils than 


lamellated bone, and therefore it appears dark in 
routine hematoxylin and eosin stained sections and 
much lighter in preparations stained with silver than 
lamellated bone. 


Sharpey’s fibers form the extrinsic component, 
running perpendicular to the bone surface. Their 
collagen is produced by fibroblasts of PDL. No cell is 
entrapped in these fibers. 


At their insertion in bone, they become mineralized, 
with the periphery being hyper-mineralized and their 
core hypo-mineralized. The intrinsic fibrillar network 
laid down by osteoblasts between Sharpey’s fibers 
are irregularly arranged and less dense. This 
particular type of bone created by insertion of 
Sharpey’s fibers with its double fiber orientation is 
known as Bundle bone. 


In some areas, the ABP consists mainly of bundle 
bone. 


Since bundle bone contains more calcium salts per 
units area than other types of bone tissue, such 
areas are seen in roentgenograms as dense radio- 
opacities. 


Dehiscence and fenestration: 


(Nh FENESTRATION 
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Fig. 5.6: Fenestration and Dehiscence 
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FENESTRATION: 


weight carbohydrates) with a small amount of 


proteins. 
A window-like aperture or opening, such as may be 


found in the alveolar bone over the root of a tooth. 
(Glossary of Periodontal terms, 2001) 


The approximate composition of bone is as follows: 


@ Isolated areas in which the root is denuded of 
thecortical plate of bone, and the root surface is 
covered only by periosteum, and the overlying gingiva 
are termed fenestrations. In these instances, the 
marginal bone is intact. 


@ When the denuded areas extend through the marginal 
bone, the defect is called dehiscence. Such defects 
occur in approximately 20% of the teeth. More often 
on the posterior teeth, and are frequently bilateral. 


@ Prominent root contours, malposition, and thelabial 
protrusion of the root combined with a thin bony 
plate are predisposing factors. 


@ Fenestration is graded into three categories: 
(Stahl et al.) 
<> Stage |:The smallest opening seen with the naked 


eye. 


<> Stage 2: Fenestra of size between Stage-| and 
Stage-3. 


<> Stage 3: Loss of buccal vertical bone extending 
into the alveolar crest. 


@ Occasionally fenestrations involving gingiva can occur 
and are called gingival fenestrations. 

Chemical composition: 

@ The alveolar bone is similar in chemical composition 
to thecellular fibrillar cementum. 


@ Bone consists of about 65% inorganic and 35% organic 
material. 


<> The inorganic material is hydroxyapatite 


<> The organic material is primarily type | collagen, 
which lies in a ground substance of glycoproteins 
and proteoglycans. 


<> The Glycoproteins are proteins with a small 
amount of monosaccharide, disaccharide, 
polysaccharide, or oligosaccharide 


<> The proteoglycans are sulphated and _ non- 
sulphated glycosaminoglycan’s (high-molecular- 
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Fig. 5.7: Chemical composition of the alveolar bone 


The inorganic material almost exclusively consists of 
calcium and inorganic orthophosphate in the form of 
hydroxyapatite crystals. 


These crystals are deposited on and in between the 
molecules of collagen (which form the collagen 
fibrils) as well as in the non-collagen, organic 
material that makes up the ground substance of 
bone. 


The exact mechanism by which hydroxyapatite 
crystals are deposited in the bone matrix produced 
by osteoblasts is still unknown. 


However, certain enzymes have been shown to 
participate in this process. These are alkaline 
phosphatase, AT Pase, and pyrophosphatase. 
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Histology of alveolar bone: 
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Fig. 5.8: Histological section of alveolar bone 


Osteoblasts: 


@ Osteoblasts secrete the type | collagen as well as the 
non-collagenous matrix of bone. 


¢ Their ultrastructure is a characteristic of any actively 
secreting cell, with a prominent Golgi apparatus, 
rough endoplasmic reticulum, mitochondria, nucleoli, 
and many secretory vesicles and vacuoles. 


@ Osteoblasts differentiate from progenitor or 
precursor cells of the connective tissue at the site of 
bone formation. 


@ The mechanisms that determine bone formation at 
any given site are unknown. 


@ As the osteoblasts secrete the organic matrix of 
bone, it is at first devoid of mineral salts, and at this 
stage it stains pink with routine hematoxylin and 
eosin stains and is called anosteoid tissue. 


¢ OSTEOID: The organic matrix of bone; developing 
bone that has not undergone calcification.(Glossary 
of Periodontal terms, 2001) 


@ As this material is produced, some of the osteoblasts 
become embedded in it and form the osteocytes. 


¢ OSTEOCYTE: An _— osteoblast that has 
become embedded within the bone’ matrix. 
(Glossary of Periodontal terms, 2001) 


@ Osteocytes are considered to have a long life, but 
they may have a _ premature death. Systemic 
hormones, mechanical forces, cytokines, growth 
factors and drugs regulate apoptosis of these cells. 
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Alveolar Bone ) 


In areas of bone formation, mineralization always lags 
behind the production of bone matrix, and therefore 
in such areas a superficial layer of osteoid tissue is 
always seen. 


In routine sections, mineralized bone is basophilic and 
can be easily distinguished from the osteoid tissue. 
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Fig 5.9: Histological sections of osteoblasts in 
alveolar bone 


Osteoclasts (OC): 


They multinucleated giant cells. The number of nuclei 
in one cell may rise to a dozen or more. However, 
occasionally uni-nucleated osteoclasts are found. 


The cell body is irregularly oval, or club-shaped and 
may show many branching processes. 


In general, osteoclasts are found in thebay like 
depressions in the bone called Howship’s lacunae. 


They have prominent mitochondria, lysosomes, 
vacuoles and little rough endoplasmic reticulum. 
Their many nuclei have condensed chromatin and a 
single nucleolus. 


The part of the cell in contact with the bone shows 
a convoluted surface - the ruffled border, which is 
the site of significant activity. Here, pieces of bone 
are broken off and released it to the extracellular 
spaces. 


The ruffled border is surrounded by a clear zone that 
has no organelles but only fine granular cytoplasm 
with microfilaments. 


Theyare probably derived from the circulating blood 
cells monocytes, but they may differentiate from the 
mesenchymal cells. 
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@ It has been suggested that bone resorption at any 
site is a chemotactic phenomenon initiated by the 
release of some soluble factor that attracts 
monocytes to the target site. 


@ In the bone resorption phenomenon, however, 
there is a role of genetic and functional influences. 
Aging osteocytes, in their degeneration and death, 
liberate the substances that may cause the 
differentiation of the osteoclasts. 


@ Whereas the major position of bone resorption 
occurs through the mediation of osteoclasts, one 
rare occasion bone resorption by osteocytes has 
been described (Osteocytic osteolysis). 

@ During bone resorption, three processes occur in 
more or less rapid succession: 
<> Decalcification 
<> Degradation of matrix 
<> Transport of soluble products to the extracellular 

fluid or the blood vascular system. 


Transport of soluble products 
to the extracellular fluid or 
the blood vascular system 


Degradation of 


Decalcification ; 
Matrix 





Fig. 5.10: Successional processes in Bone resorption 


@ Since calcified matrix is resistant to proteases of all 
kinds, bone must first be decalcified. This is achieved 
at the ruffled border of the osteoclasts by the 
secretion of organic acids (Citric and Lactic acid), 
which chelate bone, and by H+ __ increase the 
solubility of hydroxyapatite. 


@ After this decalcification process, pieces of thematrix 
are released by the activity of cathepsin B-| 
(lysosomal acid protease) and collagenase enzymes. 


@ Collagenase is secreted as a proenzyme that is 
activated by specific neutral proteases. 


@ Collagenolysis occurs at a specific site on the 
tropocollagen, which is one-third the distance from 
the carboxyl end of the molecule. 


¢ The broken fragments of collagen are further 
decalcified, and breakdown of collagen by proteases 
other than the collagenase continues. 
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@ Collagenolysis occurs outside the osteoclast, and 
only calcium phosphate can be identified within these 
cells. 


@ After the degradation of the matrix, the breakdown 
products of bone must be transported to the 
extracellular fluids and to the blood vascular system, 
but the details of this mechanism are yet unknown. 


Bone marrow stem cells: 


¢ They are capable of generating bone, cartilage, muscle, 
tendon and fat. 


@ If they are in an appropriate environment with 
specific molecular signals, these cells can reconstitute 
the original tissue of choice. 


@ They express CD13, CD29, CD44, CD73, CD90 and 
CD105. 


@ Fibroblast growth factor (FGF-2) is a potent mitogen 
for these stem cells. 


Bone remodeling: 


@ Bone is one of the hardest tissues of the human body, 
yet it is biologically highly plastic connective tissue. 


@ Healthy alveolar bone is essential to retain teeth. 
@ It is exceedingly sensitive to pressure. 


¢ Alveolar bone adapts to function both quantitatively 
and qualitatively to external and internal stimuli. 


¢ Acertain degree of mechanical stress is necessary to 
maintain bone volume and structure. 


@ Boneremodeling is regulated by the replacement of old 
bone with anew bone through sequential osteoclastic 
resorption and osteoblastic bone formation. 


@ Areas under pressure resorb, whereas tension 
generally acts as a stimulus to the production of new 
bone. 


@ Increased apoptosis of osteoblasts and osteocytes 
with reduced apoptosis of osteoclasts can shift the 
balance in favour of resorption. 


¢ Mature osteoblast-related cells produce 
osteoprotegerin (OPG) and the receptor activator 
of nuclear factor kappa B ligand (RANKL). OPG 
deactivates,and RANKL activates osteoclasts. 
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Tab.5-1: Unique features of jawbones in comparison to 


long bones. 
Origin Arise from neural crest cells, 
& intramembranous ossification 


Divide faster than long bone but are in 
Osteoblasts . 
a de-differentiated state 

Respond faster to mechanical stress. 


Osteocytes oe 
Effective in adaptation. 


Osteoclasts Show greater resorptive activity 


Bone turnover  |0 times faster than long bones 


Exposed to injury due to only 


Risk : ; 
mucoperiosteal covering 


Angiogenesis High vascularity and heals faster 


Keratinocytes Are involved in mucoperiosteal healing 





Fig: 5.1 1: Alveolar bone remodeling 
Clinical Considerations: 


@ Chronic periodontitis, with the advanced 
destruction of alveolar bone, is the most common 
cause of tooth loss. 

¢ The biologic plasticity of the bone helps 
the orthodontic movement of teeth and the 
entire alveolus shifts along with the tooth to the 
desired position. 

@ Forces exerted on the tooth also influence the 
number, density, and alignment of cancellous 
trabeculae. Reduction in occlusal force also results 
in adecrease in the number and thickness of 
trabeculae. The rarefaction of the alveolus (less 
numerous and very thin trabeculae) is seen when 
there is inactivity of the tooth in cases when there is 
no functional antagonist. 


Alveolar Bone > 


Alveolar bone can be involved in osteoporosis, Paget’s 
disease, and malignancies. 


Osteonecrosis of jaws can begin in the alveolar bone 
and spread into the body of maxilla/mandible. 


Mesenchymal stem cells can be isolated from 
the alveolar bone marrow = and_ used in 
regenerative therapy. 


@ Fenestration and dehiscence can be of 


concern during periodontal surgery if the soft tissue 
over it is disturbed during surgery. 


Assessment of bone loss: 


@ Alveolar bone density loss in periodontitis can be 


assessed using the following: 

Bite-wing radiographs 

Panoramic radiographs (OPG) 

Digital image analysis of micro-radiographs. 
Cone Beam Computed Tomography (CBCT) 
Dual Energy X-ray Absorptiometry (DEXA) 
Quantitative computerized tomography (QCT) 
Ultrasound densitometry 

Radiovisiography (RVG) 


The alveolar bone loss is assessed by the distance 
between the cementoenamel junction and the 
alveolar bone crest on bitewing radiographs if it is 
greater than 2mm. 


$ooo ooo 


CBCT can be used to assess the cortical bone 
thickness of thealveolar process before placement of 
implants. 


Healing of bone: 


@ Healing involves the sequential formation of the 


blood clot, granulation tissue, provisional matrix, 
mineralized tissue and bone marrow. 


¢ During healing of fractures or extraction wounds, an 


embryonic type of immature coarse fibrillar bone is 
formed, which only later is replaced by mature bone. 


@ The greater number of cells and the reduced volume 


of calcified intercellular substance render this 
immature bone more radiolucent than mature bone. 
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Thus, an extraction wound appears radiolucent even 
when it has an immature bone. 


The visibility in radiographs lags 2 or 3 weeks behind 
the actual formation of new bone. 


Increased cola beverage intake is related to 
reduced bone mineral accrual, increased risk of bone 
fracture and osteoporosis. Acidic components in the 
diet may adversely affect calcium metabolism and 
hasten bone resorption. 


The appropriate concentration of green tea 
components (Epigallocatechin-3-gallate - EGCG) can 
induce osteoblast differentiation whereas suppression 
is seen at higher levels. 


Hyperbaric oxygen and ozone therapy are at times 
used to enhance alveolar bone healing. 


Residual Alveolar ridge resorption: 
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There is only a partial restoration of the alveolar 
defect after uneventful healing of the extraction 
socket. 


There is well-documented resorption of the alveolar 
ridges. 

Both horizontal dimension and vertical ridge height 
get reduced. 


Studies show a clinical loss in width is greater than 
a loss in height. 


The loss of the vertical ridge height is more 
pronounced on the buccal aspect. 


Such defective ridges complicate denture design and 
implant placement. 


Bone Graft: 


@ A variety of regenerative techniques are available and 


fio) 


are used to augment the alveolar bone loss. 


Bone grafting alone -Autografts, allografts, xenografts, 
and alloplasts. 
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Ankylosis: 


@ Ankylosis: Fusion of the tooth and the alveolar 


4 


bone.(Glossary of Periodontal terms, 2001) 


Ankylosis refers to the union of cementum and dentine 
with the alveolar bone along with the obliteration of 
the periodontal ligament. 


@ Clinically ankylosed teeth remain in afixed position 


4 
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leading to infra-occlusion, do not have physiological 
mobility and on percussion give a metallic sound. 


It can also be diagnosed radiographically. 


lt occurs with chronic periapical inflammation, 
occlusal trauma, tooth re-implantation and can be 
seen in deciduous teeth with inflamed surrounding 
soft tissues undergoing resorption. 


Age changes in the alveolar bone: 
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A moderate amount of alveolar bone loss is frequently 
seen with age. 


Bone formation steadily declines with age, resulting in 
a significant reduction inbone mass. 


Alterations in differentiation and proliferation of 
osteoblasts and osteoclasts occur with age. 


Osteopenia, Osteoporosis, and vitamin D deficiency 
are common in elderly and may have a significant 
effect on the alveolar bone density. 


Systemic endocrine alterations in the elderly are 
common and have a profound impact on the osseous 
metabolism. 


Review Questions: 


Essay Questions: 


[. 
2. 


Write in detail about alveolar bone. 


Write in detail about the development of the maxilla 
and mandible with an emphasis on_ the 
development of alveolar bone. 


Guided tissue regeneration (GTR) alone—absorbable Short notes: 


or nonabsorbable. 


GTR in conjunction with bone grafting. 


3. 
4. 
5. 


Osteoblasts. 
Dehiscence and fenestration. 


Alveolar bone proper. 
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Chapter Outline: 


¢ Role of gingival epithelium. 
¢ Barrier function. 
¢ Permeability of Junctional and Sulcular epithelium. 
¢ GINGIVAL CERVICULAR FLUID (GCF) / Review Questions. 
SULCULAR FLUID. Principal Sources and Suggested Further 


e Functions of GCF. Reading: 


Defence means protection from harm. Gingiva acts as a_ Barrier function: 

physical barrier from entry of various pathogens and foreign. §_———— AA 
bodies through various mechanisms including: The primary function of the epithelium of the oral mucosa 
is to prevent the bacteria and bacterial products from 
entering the tissues. It is considered as a strong, passive, 


Composition of GCF. 
Saliva 
Leukocytes. 


|. Role of gingival epithelium 


2. Role of sulcular fluid/ Gingival crevicular fluid mechanical barrier against bacterial challenge in theoral 
3. Saliva cavity. 
4. Leukocytes Cellular defence: 

Role of Gingival epithelium: Langerhans cells are antigen-presenting cells. They are 


found in the gingival epithelium. They are not present 


Gingival epithelium helps in defence through its structural i, the junctional epithelium. 
and functional qualities. 


es : : Turnover Rate: 
The Degree of keratinization: It has an important role in 


the defence mechanism. @ Mitotic activity exhibits 24 hours periodicity, with 
¢ Non-keratinized: has agap between cells, allows cells highest and lowest rates occurring the morning and 

to pass through between the cell junctions. evening respectively. 
¢ Para-keratinized: the gap between the cells are small. @ The cellular turnover rate differs for different areas 


@ Ortho-keratinized have Tight junction between the BU OrgNe pie Uv and Ieee tclows: 
cells. <> Palate, tongue, and cheek — 5 to 6 days. 

< Gingiva — 10 to 12 days. 

<> Junctional Epithelium — | to 6 days. 
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Permeability of Junctional and Sulcular 
epithelium: 


@ Substance with molecular weights up to | million 
have been shown to pass the sulcular and junctional 
epithelium. 


¢ Movements of these substances have been shown to 
occur between cell spaces. 

Secretion: 

@ It secretes chemokines and _ pro-inflammatory 

cytokines 

@ Role in initiation and progression of inflammation 

@ Host defence against oral bacteria by its oxygen- 
independent anti-microbial peptides. 

Defensins: 

@ These are the first group of anti-microbial peptides 
described in mammals. 

@ It has 2 sub-families, 
<> a- defensins — produced by PMN’s 
<> B- defensins — produced by epithelial cells. 


@ There are four types of B-defensins (hBD 1-4) of 
which hBD |-3 are found in theoral cavity.hBD-3 is 
insensitive to salt and hBD-| has the highest sensitivity 
to Na+ concentrations. 


@ Functions of defensins include: 


<> They have a broad-spectrum microbicidal effect 
against Gram-positive and Gram-negative bacteria, 
fungi, and some parasite. 


<> They have a porin activity and_ increase 
the permeability of target cells, stimulating 
leakage and subsequent death. 


<> They can neutralize the lipopolysaccharide activity 
of Gram-negative bacteria. 


<> They help in gingival wound healing by increasing 
keratinocyte migration and proliferation. 


@ Implications: 


<> They can be induced by Pintermedia, F 
nucleatum and A. actinomycetemcomitans. 


<> Pgingivalis can degrade hBD-3 with its gingipains. 
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<> T. denticola can inhibit the secretion of hBD-2 
& -3 


GINGIVAL CERVICULAR FLUID (GCF) / 
SULCULAR FLUID: 


GINGIVAL CREVICULAR FLUID: Tissue fluid that 
seeps through the crevicular and junctional epithelium. It 
is increased in the presence of inflammation. (Glossary of 
Periodontal terms, 2001) 


TRANSUDATE: Any fluid substance that has passed 
through a membrane or tissue surface; sometimes 
associated with inflammation. (Glossary of Periodontal 
terms, 2001) 


EXUDATE: Material such as fluid, cells, and cellular 
debris that has escaped from blood vessels and _ is 
deposited in tissues or on tissue surfaces, usually as 
a result of inflammation. (Glossary of Periodontal terms, 


2001) 


HEMORRHAGIC EXUDATE: Characterized by an 
abundance of _ red blood cells.(Glossary of 
Periodontal terms, 2001) 


SEROUS EXUDATE: Characterized by an abundance 
of serous fluid of high protein content at the site of 
injury.(Glossary of Periodontal terms, 2001) 


GCF arises at the gingival margin and is considered 
to be a transudate or exudate. GCF characterizes a 
transudate of interstitial tissues in health, and it is 
converted into a true inflammatory exudate generated 
from the blood vessels especially from postcapillary 
venules in periodontal disease. 


It is found in the sulcus or pocket between the tooth and 
gingival tissue. The similar fluid found around implants is 
called Peri-implant sulcus fluid (PISF). 


In 1899, Black first reported the presence offluid in the 
periodontal sulcus. However, the exact nature of the fluid, 
its origin, and its composition has been controversial till 
date. 


Brill and Egelberg suggested that GCF production 
was due to an increase in the permeability of the vessels 
underlying the junctional and sulcular epithelium, which 
might occur due to inflammation, trauma, or mechanical 
stimulation. 


Later, Alfano suggested that even the presence of highly 
osmotic substances in the gingival sulcus (bacterial products, 
plaque) might lead to theproduction of an_ initial 
transudate fluid. 
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Pashley supported this hypothesis. He _ predicted 
that when the rate of capillary filtrate exceeds that of 
lymphatic uptake, the fluid would accumulate as edema 
and leave the area as GCF. Factors that alter this 
process include the filtration coefficients of the capillary 
endothelium and the osmotic pressure within the 
different compartments. 


Functions of GCF: 


@ It flushes away bacteria and foreign substances 
entering into the sulcus. 


@ It prevents entry of bacteria by its physical presence 
and flow characteristics within the sulcus. 


@ It contains defensive proteins that protect against 
foreign body attack. 


@ Its role is essential for protection in areas with less 
than 2mm width of keratinized gingiva. 


¢ It controls the environment of the periodontal sulcus/ 
pocket. 


@ It maintains the structure of junctional epithelium. 


@ It mixes with saliva and contributes to antibacterial 
activity by the addition of molecules like 
Myeloperoxidase. 


Q) Flushes the Bacteria 
away 


(2) Maintains the sulcular 
environment 


(3) Maintains the structure 
of JE 


(4) Contains Defensive 
proteins 





Fig. 5.1: GCF in defence of gingiva 


Methods of GCF collection: 


Various techniques with different materials and timings 
for sample collection of GCF are in use. The reliability is 
based on the method of collection, the site of collection, 
the degree of inflammation, the volume collected and 
quantification procedure for the components. 
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Higher volumes are noted in inter-proximal sites, 
posterior sites and in the mandibular gingiva. 


Methods used for quantification of GCF: 
@ Liquid Chromatography. 


@ Mass spectrometry. 
@ Peptide Mass Fingerprinting. 


¢ Matrix-assisted laser desorption ionization time of 
Flight Mass Spectrometry. 


@ N-terminal amino acid sequencing, 
@ Surface enhanced laser desorption/ ionization. 


@ lon trap mass spectrometry through electrospray 
ionization. 


Methods for collection of GCF: 


¢ Absorbing filter paper strips 

@ Twisted Threads 

¢ Capillary tubes/ Micro-pipettes 

@ Intra-crevicular washings 

@ Periotron 

Absorbing filter paper strips: 

@ Its advantages are 
<> Quick and easy 
<> Can be applied to individual sites. 
<> Least traumatic when correctly used. 

@ The two methods used in this technique are 
<> Intra-crevicular 
< Extra-crevicular 

@ Intra-crevicular /intra-sulcular methods: 


<~ It is the most frequently used method for 
the collection of GCF. 


e Superficial: In the sulcus or the pocket at its 
entrance. 


e Deep: Inserted to the base of the pocket, 
until the resistance is felt. 


<> Up to 6 pre-cut methylcellulose filter strips 
inserted into the crevice at the mesio-labial line 
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angle, mid-labial surface, disto-labial line angle, 
disto-palatal line angle, mid-palatal surface and 
mesio-palatal line angle 


<> It is kept in position for 60 seconds in continued 
isolation. 


<> Strips are transferred to individual sealed plastic 
tubes and snap frozen at -80°C and then subjected 
to further analysis. 


Extra-crevicular/Extra-sulcular method: 
<> GCF is collected at the entrance of the sulcus. <> 


The paper strips are closely fitted over the tooth 
crown and the buccal soft tissue surface, extending 
upto the alveolar mucosa. 


<> The strips are imbibed by fluid exuding through 
the bordering edge of thealveolar mucosa and 
through the gingival margin. 


@ Iwisted threads placed around and into the sulcus: 


Capillary tubing or Micropipettes: 

<> Capillary tubing of known internal diameter is 
inserted into the entrance of the gingival crevice. 

<> GCF migrates into the tube by capillary action. 


<> As the internal diameter of the tubeis known, 
the volume of fluid collected can be accurately 
determined by measuring the distance that the 
GCF has migrated. 


<> Advantages: 

e The sample is not diluted 

e Volume can be assessed accurately. 
<> Disadvantages: 

e Atraumatic collection is questionable 


e Difficulty in collecting adequate volume in a 
short period (collection time may exceed 30 
min). 


e Difficulty in removing the complete sample 
from the tubing. 


Intra-crevicular washings: 


<> They are valuable in harvesting cells from 
the gingival crevicular region. 


<> Instillation and re-aspiration of |Oul of Hanks 
balanced salt solution at the interdental papilla. 
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This process is repeated |2 times to allow 
thorough mixing of the transport solution and 
GCF. It is very simple. Not all the fluid instilled 
may be recovered. 


<> A customized acrylic stent, which isolated the 
gingival tissues from the rest of the mouth. Tissues 
are irrigated for | 5min with a saline solution using 
a peristaltic pump, and the diluted solution is 
removed. This technique is complicated and can 
be used only for the maxillary arch 


¥ Methods of estimating the volume collected: 
e Distance the fluid has migrated up the strip. 


e Straining wet strips with Ninhydrin (purple) 
makes it more visible. 


e 2mg Fluorescein is given systemically to each 
patient, 2 hours prior to GCF collection. 
¢ Periotron: 
It is an electronic measuring device. 
The fluid is collected on a blotter (perio-paper). 
Periotron values are read in clinical condition in 
comparison with the gingival index as follows: 


Tab 6.1: Periotron readings 


reading inflammation 


0-20 Healthy 0 

21-40 Mild | 

41-80 Moderate 2 

81-200 Severe 3 
Composition of GCF: 


GCF is a complex fluid comprising cellular elements, 


electrolytes, carbohydrates, and a mixture of various 
proteins, enzymes and tissue products. 


Cellular elements: 


@ Bacteria — Porphyromonas gingivalis, Aggregatibacter 
actinomycetemcomitans. 


@ Desquamated epithelial cells, 
@ Leukocytes, 


@ Degraded products of periodontal tissues 
including connective tissue cells and bone cells like 
Hydroxyproline, Collagen products 
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<> DNA fragments 


¢ Electrolytes: Potassium, Sodium, Calcium 


<> Hemoglobin, Haptoglobin. 
<> Bone specific markers — Osteopontin. 
¢ Carbohydrates: Glucose, Saccharides <> Prostaglandins. 


¢ Proteins: Kido et al. have identified 23! proteins @ Enzymes and its inhibitors: 


in GCF The GCF components were similar to 
those present in serum. Some of the major proteins 
include: 


~~ Cytoskeleton structural proteins - Actin and 
Myosin related proteins, Keratins and Matrix 
proteins 


<> Extra-cellular structural and adhesion proteins — 
Collagen, Fibrinogen and Serum albumin 


<> Inflammatory and immune response proteins: 


e Immunoglobulin’s and their components 
(IgG, IgM, IgE, IgA), Macroglobulins, Tissue 
plasminogen activator(t-PA) & its inhibitors 
(PAI-2) 


e Acute phase proteins/ Pentraxins like 
C-Reactive proteins (CRP) and Serum 
Amyloid P component (SAP) 


e Cytokines — IL-1, IL-2, IL-4, IL-5, IL-6, IL-8,1L- 
10, TNF-a, TGF-B, IL-6, y-Interferon, GM-CSF 
Leptins, RANK-L, RANTES, MCP-1. LTB4, 


e Endothelins 
e Neuropeptides like Substance -P 


<> Apoptosis and signal transduction molecules 
- Apolipoproteins A, B, C, D & H, Heat shock 
proteins (HSP) 


Antimicrobial peptides (AMPs): 

<> Calprotectin, Lactoferrin, Lipocalin 

<> al-Anti-trypsin, Cathelicidin 

<> S100 Calcium Binding protein, A8 & AI complex 
<> a-defensins, Serine proteases 

<> Cathepsins — K,G 

<> Complement components 

Metabolic and bacterial products: 

<> Lactic acid, Urea, 

<> Endotoxins, Cytotoxic substances. 


<> Hydrogen sulphide. 


GCF contains infiltrates from adjacent gingival tissue 
that enter the gingival crevice the enzyme activity in 
GCF reflects that in the gingival tissue. Their levels 
increase with gingival inflammation and periodontal 
destruction. Some of the enzymes include: 


<> Collagenase, Lysozymes, 
<> Acid phosphatase, Alkaline phosphatase 


<> Hyaluronidase, B-glucuronidase, Neutrophil 
Elastase 


<> Trypsin-like enzyme, 
<> MMPs — 2,8,9, 13 & TIMP - | 
<> Aspartate aminotransferase, LDH, Proteases 


<> Glycogen phosphorylase, Pyruvate _ kinase, 
Enolase, 


<> Glucose phosphate isomerase, Aldolase-A 


<> Phosphoglycerate kinase, Glyceraldehydes-3- 
phosphate dehydrogenase, 


<> Phosphoglycerate mutase and Triosephosphate 
isomerase. 


Increased flow of GCF: 


¢ A rate of 0.05 to 0.2 ul per minute was reported 


during minimal inflammation. 


@ An increased GCF flow rate from gingival sulcus is an 


early sign of clinical inflammation. 


¢ The flow rate is related to the degree of 


inflammation, and it can increase from normal values 
of 3 ul/h to 44 ul/h. Similarly, the neutrophil count in 
GCF can increase from I7 cells to 70 cells during 
inflammation. 


@ GCF volume differs between young and old. 


@ Chemical and mechanical factors can increase GCF 


by transmitting a stimulus to gingival blood vessel 
walls through oxytalan fibers, giving rise to an 
increased blood vessel transudation. 
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The causes for increased GCF flow include: 


<> Sex hormones:Female sex hormones pregnancy, 
ovulation and hormonal contraceptives increase 


GCF flow. 

<> Mechanical stimulation: Chewing, vigorous 
brushing, frenum pull and tooth mobility stimulates 
oozing of GCF. 


<> Smoking:Smoking produces immediate,temporary 
but marked increase in GCF flow. 


<> Periodontal surgery: Increased production of GCF 
is seen during the _ healing phase _ after 
periodontal surgery. 


<> Periodontal _ inflammation: Progress of 
inflammation significantly increases the GCF flow. 

<> Drugs: Intravenous injection of drugs 
like histamine. 


Clinical significance: 


@ GCF component analysis is a non-invasive method to 
study the cellular response of the underlying 
periodontal ligament. GCF flow increases as 
inflammation increases and analysis of GCF 
components is used as a diagnostic tool for 
periodontitis. 


@ An increase in GCF flow rate could be an indicator 
ofinflammation, even though, the tissues appear 
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¢ Viruses including Human Cytomegalovirus, Herpes 
simplex virus, and Epstein-Barr virus have been 
identified in GCF of periodontitis patients. 


@ Infrared spectroscopy can be used in diagnosis for 
disease-specific signatures in periodontal disease. 


@ In narrow areas of the gingiva and bacterial plaque 
accumulation, the increase in tissue hydrostatic 
pressure forces the tissue fluid into the sulcus 
through the epithelial lining and junctional epithelium. 
An osmometer can be used to measure the osmotic 
pressure of oral tissues with high sensitivity. 


Saliva: 


¢ The secretions of the major and minor salivary 
glands. (Glossary of Periodontal terms, 2001) 

@ It is a watery liquid that bathes the teeth and mucosa 
of the oral cavity. It is vital for maintenance of 
oral health. On average, 0.5 to 0.6! of saliva is 
produced every day. 


@ Saliva plays an important role in the prevention 
of periodontal diseases, but its action are limited 
to those parts of the teeth and gingiva that are 
exposed to it. These sites are said to be guarded by 
the salivary domain of host defence. 


Functions of saliva: 


clinically normal. Saliva exerts a_ significant influence on plaque by 


¢ Circadian periodicity: A steady rise in GCF mechanically cleansing the exposed oral surfaces, by 
amount and their components from 6:00 am to 10:00 buffering acids produced by bacteria, and by controlling 


pm and a fall afterwards. bacterial activity. 
¢ Drugs in GCF: Drugs that are secreted in GCF may 
be used advantageously in periodontal therapy. 


<> Tetracycline has been found 10 times higher in 
concentration in GCF compared to plasma 


<> Metronidazole is secreted from GCF and found 
to be twice the concentration in plasma. 


@ Identification of C-Reactive proteins and other 
inflammatory biomarkers in GCF could be an 
indicator of systemic inflammation. 


@ The levels of alkaline phosphatase in GCF could be 
an indicator for apubertal growth spurt. 


(ey 


¢ Protection from mechanical, thermal and chemical 
irritation. 


¢ Buffering action and _ prevents 
pathogenic bacteria. 


colonization by 


¢ Lubrication, excretion and 


formation. 


digestion, pellicle 


@ It can also be used as a diagnostic aid. 


Composition: 
¢ Approximately 99.5% of saliva is water. 


@ 0.5% comprises organic and inorganic components 
that influence the oral environment. 


<> Anti-bacterial factors. 
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<> Inorganic factors: ions and gases, bicarbonates, 
sodium, potassium, calcium, fluoride, Carbon 
dioxide, Urea, Ammonia, Lactate, 


<> Organic factors: Proteins, Albumin, Aminoacids, 
Amylase, lysozymes, lactoferrin, myeloperoxidase, 
agglutinins like glycoproteins, mucins (MUC5B 
and MUC7), secretory IgA, Statherin, Histatins, 
Secreted immunoglobulins. 


Some of the important salivary constituents are 
discussed below: 


¢ Lysozyme: The cationi c low molecular-weight 
enzyme present in tears, saliva, and nasal secretion 
that kills susceptible bacteria by breaking down their 
cell walls.-(Glossary of Periodontal terms, 2001) 
<> It is ahydrolytic antimicrobial enzyme in saliva and 


is secreted mainly by mucous salivary glands. 


<> It degrades mucopeptides in the cell wall of gram 
- positive and gram -negative microorganisms, 
weakening the wall and causing lysis. 


<> Veillonella species and Actinobacillus actinomy- 
cetemcomitans are some of their targets. 


Lactoferrin: It is a protein secreted by serous 

salivary glands which binds iron. Iron is an essential 

growth requirement for many microorganisms. 

* It has anti-bacterial, anti-fungal and anti-viral 
properties. 


<> Its action is bacteriostatic. 


<> But it may bind to the surface of some bacteria 
like Streptococcus mutans and kill them. 


Salivary peroxidase system: It contains a non- 

specific antimicrobial peroxidase system which 

consist of the salivary enzyme peroxidase, hydrogen 

peroxide, and thiocyanate ions. 

<> Human whole saliva is considered to contain 
two peroxidases, salivary peroxidase, and 
myeloperoxidase 


<> Peroxidase is synthesized by salivary gland acini 
and secreted into the saliva, where it becomes 
bound to bacteria, and thiocyanateis secreted 
into saliva by the ductal cells. 


<> Hydrogen peroxide is continually generated in 
the mouth at very low concentration by bacteria, 
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neutrophils, and other host cells. This hydrogen 
peroxide is used by peroxidase to oxidize the 
thiocyanate to hypothiocyanous acid which kills 
bacteria 


<> The lactoperoxidase-thiocyanate system in saliva 
has been shown to be bactericidal to some strains 
of lactobacillus and streptococcus by preventing 
the accumulation of lysine and glutamic acid, both 
of which are essential for bacterial growth. 


¢ Salivary antibodies: The specific immunological 
host defenses are represented in saliva and on 
mucosal surfaces by the secretory immune system. 
<> The secretory immune system produces IgA 


antibody in response to antigens on mucosal 
surfaces. 


<> Immunoglobulin G and M are found in saliva. 


<~ IgA is the most abundant immunoglobulin 
in saliva. Whereas IgG is the most prevalent 
immunoglobulin in GCF. 


¢ Salivary cystatins: 
<> Belong to Family 2 cystatins. 
<~ They are the proteins that inhibit cysteine 


proteases. 


<> Three types include cystatin S, cystatin SA, and 
cystatin SN. 


<> Cystatin-C based peptides are effective 
against Pgingivalis, Staphylococcus aureus, and 
Streptococcus pyogenes. 


+ Cystatin-SA is efficient against 
A.actinomycetemcomitans. 


Importance of saliva: 


@ Lack of saliva leads to increased retention of food 
material and bacterial products interdentally leading 
to gingivitis and periodontitis. 

@ Patient’s systemic health and drug administration can 
determine the flow and nature of saliva and thereby 
influence oral health. 


Leukocytes: 


Leukocytes have been found in_ clinically healthy 
gingival sulcus in humans.They appear in small numbers 
extravascularly in the connective tissue adjacent to the 
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bottom of sulcus. They travel across the epithelium (esp. 
Junctional Epithelium) into the gingival sulcus. 


Neutrophils are the most abundant white blood cells in the 
peripheral circulation. They are the first line of defence against 
bacterial infection but are also thought to be the major mediators 
of tissue destruction during inflammation. Neutrophils form 
over 90% of leukocytes in GCF They are responsible for 
proteolysis and release of antimicrobial peptides. 


As the healthy gingival sulcus changes to diseased gingival 
pocket, the number of neutrophils raises from 7x10‘ 
to 20*10*. Thus at a given point of time, 15 times more 
neutrophils emigrate into the diseased periodontal pocket 
than the healthy periodontium. 


@ In GCF/Dento-gingival area: 


<~ Differential counts of leukocytes from clinically 
healthy human gingival sulci have shown 91.2%- 
91.5% PMNs and 8.5-8.8% mononuclear cells. 


58% 
18% 


<> Mononuclear cells were identified as 
B-lymphocytes, 24% T-lymphocytes, and 
mononuclear phagocytes. 


<> The ratio of T-cells to B-cells is reversed from 
the normal ratio of about 3:1 found in peripheral 
blood to about 1|:3 in GCF. 


<> The majority of these cells are viable and have been 
found to have phagocytic and killing capacity. 


@ In saliva: 


<> The saliva contains all forms of leukocytes, of 
which the principal cells are polymorphonuclear 
leukocytes. It also contains desquamated epithelial 
cells. 


<> The number of leukocytes varies from person to 
person and at different times of the day and is 
increased in gingivitis. 

<> Leukocytes reach the oral cavity by migrating 
through the lining of the gingival sulcus. (Blood 
vessels —> connective tissue > in GCF — in 
Saliva) 


<> In saliva, these living PMNs are sometimes 
referred to as Oro-granulocytes. 
<> The rate of migration of these PMNs into the 


oral cavity is termed the Oro- 


granulocytic migratory rate. 


(eg 
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Review Questions: 


Essay Questions: 
|. Describe the defense mechanism of the gingiva. 
2. Explain the role of saliva in periodontal health. 


3. Write in detail the composition, function and clinical 
significance of gingival crevicular fluid. 


Short notes: 


4. Functions defence 


mechanism. 


of gingival epithelium in 


5. Periotron. 


6. Lactoferrin. 


Principal Sources and Suggested Further 
Reading: 
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probing pocket depth and neutrophil counts in 


dental plaque, saliva, and gingival crevicular fluid. 
Quintessence Int 2012; 43:1 1 1—I 17. 


@ Ganeshnarayan K, Velliyagounder K, Furgang D, Fine 
DH. Human salivary cystatin SA exhibits antimicrobial 
effectagainst Aggregatibacter actinomycetemcomitans. | 
Periodont Res 2012; 47: 661-673. 


@ Glossary of Periodontal Terms, 4th Edn, The American 
Academy of Periodontology, 200 


¢ Grenier G, Gagnon G, Grenier D. Detection of 
herpetic viruses in gingival crevicular fluid of patients 
suffering from periodontal diseases: prevalence and 
effect of treatment. Oral Microbiollmmunol 2009: 
24: 506-509. 
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Temporal crest (Internal oblique ridge). Surgical anatomy of maxilla 


Maxillary sinus or antrum. 
Zygomaticoalveolar crest 
Greater palatine foramen. 
Palatal exostoses. 

Review Questions. 


Coronoid process. Alveolar process. Principal sources and suggested further reading. 


Adequate knowledge of the surgical anatomy of the 
oral cavity and its associated structures is a necessity in 
understanding the periodontal pathology and key for their 
successful treatment. In this chapter, we provide a gist of 
it, for review of what the students would have already 
studied. 


Trigeminal nerve: 


It is the largest cranial nerve. It gives three branches, 
Ophthalmic nerve (VI ),Maxillary nerve (V2) and Mandibular 
nerve (V3). 


The anatomical variations are of significance during 
theadministration of anesthesia, performing — surgical 
procedures and implant placement. These variations can 
lead to inadequate anesthesia and unexpected nerve 
injuries. 

Mandibular nerve: 

The mandibular nerve is a mixed nerve, and it contains 
both afferent and efferent fibers. It gives multiple branches 


in the infratemporal fossa that supplies temporomandibular 
joint, lower lip, chin, tongue, the mandibular teeth and its 
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associated gingiva, the mucosa and skin of the cheek and 
muscles of mastication. 


Inferior alveolar nerve: 


Normal anatomy: 


The inferior alveolar nerve is the biggest branch of V3. It 
runs along with inferior alveolar artery into the mandibular 
canal forming the neuro-vascular bundle. The mental 
nerve exits the mental foramen and branches off the 
incisive nerve. 


Variations: 


@ Changes in theposition of themandibular foramen. 


<> The distance increases with age in comparison to 
other mandibular landmarks like the angle of 
the mandible. 


<> Moves upward with reference to occlusal plane 
with age. 
@ Communicating branches to other mandibular nerve 
divisions 


@ Can be associated with multiple accessory foramina. 
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<> Some foramina may be associated only with 
vascular supply. 


<> Retromolar foramina innervate the molar teeth. 


@ Multiple extra-osseous branches before entering 
themandibular canal. 


@ Multiple intra-osseous branches within the canal 
 Bifid mandibular nerve & mandibular canals 


<> Nerve can run as a single trunk and then branch 
inside the canal to supply 


@ The molars and premolars 
e Incisive nerve for canine and incisors 
e Mental nerve. 


<> Nerve can split before entering the canal into a 
major trunk and a minor trunk. 


e Major trunk runs through the canal and exits 
as mental nerve and then branch incisive 
nerve. 


e Minor trunk (Dental Ramus) supplies molars 
and premolars. 


<> Nerve can split into three branches near the 
mandibular foramen 


<> Nerve can communicate with lingual nerve and 
auriculotemporal nerve 


<> Great auricular nerve from cervical plexus can 
innervate the mandibular teeth 


Significance: 


Variations: 


@ The mental foramen could change in location with 
age and presence/absence of teeth. 


@ Accessory foramina could be seen apical or proximal 
to themental foramen. 

@ Rare presentation of two mental nerves 

@ Mental nerve can re-enter the mandible through 
another anterior foramen 

@ Crossover with fibers from contralateral mental 
nerve 

@ Incisive nerve fibers can continue within a bony canal 
or establish a nerve plexus with contra-lateral incisive 
nerve. 


Clinical significance: 


@ Pre-operative radiographs to assess the level of 
mental foramen especially during surgeries and 
implant placement in the premolar region. 


@ Cross-innervation can cause inadequate anesthesia. 
Hence, additional labial infiltration, a bilateral nerve 
block may be needed in such cases. 


Mylohyoid nerve: 


Normal anatomy: 


lt arises as a branch before the inferior alveolar nerve 
enters the mandibular foramen. It resides on the Mylohyoid 
groove and then supplies the mylohyoid and digastric 
muscles. It terminates in the submental region. 


Variations: 


Mandibular anesthesia may not be effective if the nerve 
bifurcation occurs before entering the canal and if there 
are other anatomical variations. 


Mental nerve & Incisive nerve: 


Normal anatomy: 


lt is a terminal branch of inferior alveolar nerve. It 
emerges through mental foramen below the premolars in a 
posterior orientation due to the growth pattern of the 
mandible. It gives 3 branches usually in aY or T-shaped pattern. 


@ Mylohyoid nerve fibers can re-enter the mandible 
through retro-mandibular foramina and supply the 
mandibular teeth. 


@ It can show variations in thelevel of branching related 
to the mandibular foramen, the course, and its terminal 
branches. 


@ Some branches can enter by retro-mental foramina 
(superior and inferior) on the lingual surface 
of the mandible. 


Significance: 


@ Mylohyoid nerve can be an escape route for pain in 
mandibular teeth as it has both afferent and efferent 
fibers. 
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¢ The number of fibers decreases in the absence of 
teeth. 


@ May lead to inadequate anesthesia 


Lingual nerve: 


Normal anatomy: 


It is a terminal branch of the mandibular nerve. It 
runs along the medial pterygoid muscle, ramus of the 
mandible and underneath the gingival mucoperiosteum 
behind the third molars. It is a sensory nerve to 
anterior two-thirds of tongue, floor of the mouth and 
lingual gingiva. It carries the parasympathetic fibers from 
chorda tympani branch of facial nerve to sublingual and 
submandibular glands and taste sensation from anterior 
2/3rds of tongue. 

Its normal position in relation to third molars is 
around 9.5mm _ horizontally and 4.1 mm vertically to 
lingual plate of the mandible. 


Variations: 


@ Communicating branches between lingual and 
<> Inferior alveolar nerve 
<> Mylohyoid nerve 


¢ Collateral branches 
Significance: 


@ It can get injured and anesthetized during inferior 
alveolar nerve block due to its superficial location 
and absence of bony protection. 


@ The lingual nerve can be injured during surgical 
procedures especially during third molar surgery and 
complications after endodontic/periodontal surgery. 


Injury can lead to anesthesia, hypoesthesia, paresthesia, 
dysesthesia, hyperesthesia, allodynia, dysgeusia and 
xerostomia. 


Long buccal nerve: 


Normal anatomy: 


It runs between lateral pterygoid muscle, along the 
maxillary artery, medial to temporalis muscle and 
connects with buccal branch of the facial nerve. It carries 
afferent fibers to lower buccal gingiva, lower buccal 
vestibule along with skin 
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and mucosa of cheek. 
Variations: 


@ Can supply the molar teeth through retro-mandibular 
foramina 


Significance: 


@ Inadequate anesthesia during inferior alveolar nerve 
block 


Maxillary nerve: 


The maxillary division is a sensory nerve, and it contains 
only afferent fibers. It gives multiple branches in the 
pterygopalatine fossa that supplies the maxillary teeth and 
its associated gingiva, maxillary sinus, upper lip, skin of the 
cheek, hard and soft palate. 


Superior alveolar nerve (SAN): 


The three branches of SANarise from the maxillary nerve 
at the pterygopalatine fossa. They are anterior, middle and 
posterior branches which supply the maxillary teeth. The 
middle branch may be absent and is considered to be an 
anatomical variant. 


Posterior SAN: 


Normal anatomy: 


It is a branch from maxillary nerve before the infraorbital 
groove. It runs along the maxillary tuberosity and supplies 
the gingival and cheek mucosa. It enters the posterior 
alveolar canal and supplies the maxillary sinus and molar 
teeth. 


Variations: 


@ May show two or three branches. 

@ May show variations in thelevel of origin. 

@ Branches from the palatine nerve can supply the molar 
and premolars. 


Significance: 


¢ Duringanesthesia, the posterior SAN is approached 
near the maxillary tuberosity and anterior SAN near 
the region of the infra-orbital foramen. 
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Middle SAN: 


Normal anatomy: 


It is a branch from infra-orbital nerve within the canal and 
runs along the lateral wall of maxillary sinus and innervates 
the premolars. 


Variations: 


If the branch is absent, the teeth are supplied by secondary 
branches of posterior SAN or anterior SAN or a plexus 
between both nerves. 


Anterior SAN: 


Normal anatomy: 


lt arises from the infra-orbital canal. It runs across the 
maxilla towards canine fossa and forms the superior dental 
plexus for anterior teeth. 


Variations: 


It can be a single trunk or a middle branch or anterior 
branch or multiple branches. 


Significance: 
Injury to this nerve can produce hypoesthesia, paresthesia 
or pain in this region. 

Infra-orbital nerve: 
The infra-orbital foramen is usually single but occasionally 


two or three foramina. It is of significance during infra- 
orbital nerve block. 


Palatine nerve: 


The palatine nerve is a branch from a spheno- 
palatine branch of the maxillary nerve. It supplies the 
roof of the mouth, soft palate, tonsils and nasal mucosa. 


The Greater palatine nerve is the anterior branch 
of the palatine nerve which runs along the _ inferior 
aspect of the hard palate and supplies the palatal 
gingiva and hard palate. The greater palatine foramen is 
present in 2nd and 3rd molar region. 


Variations: 


yy 
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The Greater palatine nerve can supply the molars and 
premolars. 


Naso-palatine nerve: 


lt is a branch of the spheno-palatine nerve which 
enters the mouth from the incisive canal through 
the naso-palatine foramen. It supplies palate and 
palatal gingiva near the canine teeth. 


Variations: 
Some branches can supply the incisor teeth. 


Maxillary artery: 


Normal anatomy: 


It is a large, terminal branch of external carotid artery 
arising in the parotid gland behind the neck of the 
mandible. Maxillary artery crosses the inferior alveolar 
nerve and lingual nerve and runs along the lower 
border of lateral pterygoid muscle. 


Variations: 


The inferior alveolar nerve can arise as two roots 
(Superficial and Deep) incorporating the maxillary 
artery. 


@ The maxillary artery can be incorporated into a loop 
between inferior alveolar nerve and auriculotemporal 
nerve. 


@ The maxillary artery can be seen between inferior 
alveolar and lingual nerve. 

Significance: 

@ Hematoma formation if the artery is accidentally 
injured during anesthesia. 

@ Vascular compression could produce pain and other 
neurological symptoms. 

Palatine vessels: 

@ The palate is supplied by descending palatine arteries 

from the greater palatine foramina. 


@ There is a risk of hemorrhage from collateral vessels 
while harvesting a connective tissue graft from the palate. 


Periodontics & Oral Implantology 


Chapter 7 


Surgical Anatomy of Periodontum and Related Structures )) 


To avoid injury to thearterial trunk, an imaginary line which is drawn from the greater palatine foramen to the inter-incisive 
point will be the apical limit of the incision. 


@ It is better to harvest in premolar region than the molar region to avoid vascular accidents. 


@ If there is excessive bleeding, application of pressure at greater palatine foramen will control it. 


Spaces 


Sublingual space Mucosa of the Mylohyoid 
floor of mouth 


Submandibular Mylohyoid Anterior/ 
space Mandible Posterior belly 
of digastric 
Submental space Mylohyoid Platysma 
Buccal Lygomatic arch Mandible 
Pterygo-mandib- Medial ptery- 
ular space goid and the 


inferior border 


of mandible 


Para-pharyngeal © Petrous portion © Submandibular 


of temporal bone gland. 
Stylohyoid 
muscle, 


Posterior belly 


of digastric 


Lingual aspect Genioglossus Lingual aspect of 
of mandible Geniohyoid mandible 
Styloglossus 
- Stylo- Mylohyoid Skin 
mandibular Hyoglossus 
ligament Styloglossus 


Anterior belly of 
digastric muscles 


Lygomaticus Masseter Buccinator Skin 
major 

Depressor 

anguli oris 


Pterygo- Parotid gland Medial pterygoid Ramus of mandible 
mandibular 


raphe 
Pterygo- Deep cervical Superior Mandible 
mandibular fascia — constrictor Medial pterygoid 
raphe prevertebral Retromandibular 
& visceral portion of parotid 
layers gland 
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° Sublingual gland 

° Ducts of Rivinus 

¢ — Lingual artery and vein 

¢ — Hypoglossal and lingual nerves 

¢ Deeper aspect of thesubmandibular gland. 

¢  Submandibular gland duct 

Infection raises the floor of the mouth with adisplace- 
ment of tongue and difficulty of swallowing 


¢ Superficial portion of submandibular gland 

¢ Facial vein and artery 

¢  Submandibular lymph nodes 

¢ — Hypoglossal and lingual nerves 

¢ — Mylohyoid nerve 

The infection originates from molar and premolars result- 
ing in swelling. 

Ludwig’s angina is a severe infection of submandibular, 
sublingual and submental spaces leading to hardening 
of the floor of mouth, asphyxiation from edema of neck 
and glottis. 


¢  Submental lymph nodes 

¢  Submental artery and vein 

Infection from mandibular anterior teeth can produce 
swelling in this region, and it can spread posteriorly. 


° Buccal pad of fat 

¢ Facial artery and vein 

° Parotid duct 

Infection leads to swelling of cheek which extend into 
temporal or submandibular space 


¢ Inferior alveolar nerve, artery, and vein 
° — Lingual nerve 

¢ Nerve to mylohyoid 

¢  Spheno-mandibular ligament and fascia 


¢ Deep cervical lymph nodes 

¢ Ascending pharyngeal artery 
° Facial artery 

° (Carotid artery 

¢ Internal jugular vein 

¢ Vagus and Hypoglossal nerves. 
° Cervical sympathetic trunk 
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Canine fossa Quadratus Orbicularis buccinator 
labiisuperioris oris 


Mental or Mental muscle Depressor 
mentalis space muscle of 
lower lip and 
corner of 
mouth 
Masticator 
space 


Surgical anatomy of mandible: 


Anterior border of ramus: It contributes to the external 
oblique ridge and retromolar fossa. 


@ Prominent anterior extension forms a flat shelf of 
bone between the ramus and alveolar bone leading 
to a shallow vestibule. 


¢ Important during surgical flap and bone resection 
Coronoid process: 


@ This prominent process may be in close proximity 
to the maxillary tuberosity, third molar, and 
second molar during mouth opening and can 
interfere with access. 


Temporal crest (Internal oblique ridge): 


lt forms retro-molar triangle which is occupied by glandular 
tissue, adipose tissue and covered by non-keratinized 
mucosa. 


Mandibular ramus 
Body of mandible 


Infection can produce swelling of theupper lip, obliterat- 
ing nasolabial fold, upper and lower eyelids closing the 
eye. 


Infection can produce large swelling of the chin and 
may extend downwards. 


Masseter Infection can produce swelling of theface, severe trismus, 
Pterygoid muscles difficulty with tongue movement and swallowing. 

Tendon of 

temporalis 


Mandibular tori: 


@ The thin mucosa over the tori could tear during flap 
surgery. Hence, the flap should be extended to the 
midline. 


@ It can be a source for autogenous bone graft. 
Genial tubercles: 


¢ Important during implant placement in cases of severe 
horizontal bone loss and mandibular atrophy. 


Mental protuberance and tubercles: 


¢ A prominent protuberance with the high 
attachment of mentalis produces a shallow vestibule. 


@ May compromise surgical access and procedure. 


Mental foramen: 


@ It is identified with radiographs and important during 
surgical procedures. 


¢ A prominent crest can limit the access for the Alveolar process: 


surgical flap. 

@ Retromolar mucosa can be thick/loose. 

@ The base of the retromolar fossa could be mistaken 
for an intra-bony defect. 


Mylohyoid ridge: 


@ A prominent ridge creates a bony ledge opposite 
the molars and complicates bone loss, access, and 
management. 


(ey 


@ Prominent teeth have thin bone and mucosa — high 
risk for recession. 


@ Higher chances of fenestration and dehiscence with 
thinner bones. 


@ Short alveolar processes are related to the 
shallow vestibule. 


Surgical anatomy of maxilla: 


Maxillary sinus or antrum: 


@ The inferior wall or floor of the sinus may be in close 
relation to a periodontal defect. 
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@ Precaution during debridement to avoid sinus 
perforation. 
@ Pneumatization of sinus floor can limit surgery. 
Zygomaticoalveolar crest: 


@ Prominent crest creates a shallow vestibule and limits 
surgical access. 


Palate/ Palatal vault: 


@¢ A wide and shallow vault creates a wide ledge 


of the palatal mucosa, which — complicates 
surgical resection. 
@ High and steep vault are _ favorable for 


treating periodontal defects. 


@ Thicker tissue grafts can be harvested upto 
[7mm from a high vault while it is only 7mm in a 
shallow vault. 


Greater palatine foramen: 
@ Avoid injury to neurovascular bundle during surgery. 
@ Avoid vertical releasing incisions 

Palatal exostoses: 


@ Exostoses in 2nd and 3rd molar region can complicate 
surgeries. 


¢ Transmucosal probing to assess the soft tissue 
thickness. 


@ Closer to foramina, the flap should be handled with 
caution. 


@ Can be a source for autogenous bone graft. 
Alveolar process: 


@ Prominent teeth have thin bone and mucosa — high 
risk for recession. 


@ Higher chances of fenestration and dehiscence with 
thinner bones. 


@ Short alveolar processes are related to the 
shallow vestibule. 


Periodontics & Oral Implantology 


Surgical Anatomy of Periodontum and Related Structures )) 


Review Questions: 


Essay Questions: 


|. Discuss the general considerations of surgical 
anatomy in relation to periodontics. 


Short notes: 
2. Pterygomandibular space. 
3. Lingual nerve. 


Principal sources and suggested further 
reading: 


@ Benninger B, Kloenne J, Horn JL. Clinical anatomy of 


the lingual nerve and __ identification with 
ultrasonography. British Journal of Oral and 
Maxillofacial Surgery 2013; 51:541-544. 


¢ Dridi SM, Chousterman M, Danan M, Gaudy JF. 
Haemorrhagic risk when harvesting palatal connective 
tissue grafts: a reality? Perio 2008;5(4):23 |—240 


@ Khoury JN, Mihailidis S, Bhabriel M, Townsend G. 
Applied anatomy of the pterygomandibular space: 
improvingthe success of inferior alveolar nerve 
blocks.Australian Dental Journal 201156: 112-121. 


@ Laine FJ, Smoker WRK. Oralcavity: Anatomy and 
pathology. Seminars in Ultrasound,CT, and MRI, 1995; 
16:6: 527-545. 


@ Newman et al., Carranza’s Clinical Periodontology, 
|O/e, 2006, Saunders, St Louis, Missouri. 


@ Rodella LF, Buffoli B, Labanca M, Rezzani R. A review 
of the mandibular and maxillary nerve supplies and 


their clinical relevance. Archives of oral biology 2012; 
57: 323-334. 


@ Rose LF, Mealey BL,Genco RJ, Cohen DW Periodontics 
Medicine, Surgery, and Implants. 2004. Elsevier Mosby, 
St Louis, Missouri. 


@ Tan VL, Andrawos A, Ghabriel MN, Townsend GC. 
Applied anatomy of the lingual nerve: Relevance to 


dental anaesthesia. Archives of oral biology 2014; 59: 
324-335. 
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Etiopathogenesis of Periodontal 
Diseases 





CHAPTER 


Chapter Outline: 


¢ Koch's postulates 

¢ Alternate Criteria 

¢ Hill's criteria of causality 

¢ Socransky’s criteria 

¢ Pathogenic microbial community. 
¢ Supra-gingival plaque. 

¢ Sub-gingival plaque. 


¢ Prevotella 


The mucous membrane is normally colonized by a large 
and diverse microbial flora. As many as 400 various types 
of bacteria are seen as early as 2 weeks after parturition. 
The body contains |0 times more bacterial cells than that 
of the normal cells. 


Even though the periodontal disease is caused by microbes, 
there is a complex interplay of genetic, environmental 
and immunological factors that modify the initiation and 
progression of the disease. 


Koch's postulates: 


In 1876, Robert Koch presented a set of criteria for 
proving that a specific microorganism can cause a given 
disease. These criteria were: 


|. The organism must be found in lesions of the 
disease. 


2. It must be isolated and grown in pure culture on 
artificial media. 


3. Inoculation of this culture into experimental animals 
must produce lesions similar to those observed in 
cases of the disease in humans. 
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¢ Actinobacillus actinomycetemcomitans 
¢ Porphyromonas gingivalis 

¢ — Porphyrymonas endodontalis. 

¢  Tannerella Forsythia 


¢ Fusobacterium nucleatum 
¢ Treponema denticola 
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Camplylobacter rectus 

Peptostreptococus micros 

Surface translocating bacteria. 

Tests for periodontal microbes. 

Gene testing. 

Review Questions 

Principal sources and suggested reading 


4. The organism must be recovered from the lesions in 
the experimental animals. 


However, difficulties exist in the application of these criteria 
especially in relation to oral and periodontal bacteria. 


@ Many of the oral bacteria cannot be grown on artificial 
media 


@ Some organisms are only pathogenic for humans. 


@ Lack of the proper animal model system. 


Alternate Criteria: 


Hill’s criteria of causality: 


@ Because of the rigid nature of Koch’s postulates, it is 
impossible to fulfill all its criteria for many chronic 
diseases. For an example, H. pylori causes peptic 
ulcer is universally accepted, but it does not fulfill 
Koch’s postulates. 


@ Hence, Hill’s criteria of causality were proposed. It 
includes, 
<> Biological plausibility -— Could  dysbiosis 
(microbiological shift) lead to chronic disease? 
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<> Dose-response — Risk of disease after infection. 


e Natural — does high levels of pathogenic 
bacteria relate to periodontal disease? 


e Interventional—does therapy improve the oral 
health by reducing the suspecting pathogens? 


< Strength of association — Risk of disease after 
infection - Do all patients having these pathogens 
develop periodontitis? Alternatively, do all patients 
with periodontitis have the same pathogens? 


<> Specificity of association — can these bacteria 
produce other diseases than periodontitis? 


<> Consistency — same findings by different group 
studies 


<> Temporality — does infection precede disease? 
Alternatively, can it be proven to induce disease 
in animal models? 


Socransky’s criteria: 


Sigmund Socransky, a researcher at the Forsyth Dental 
Centre in Boston, proposed criteria by which periodontal 
microorganisms may be judged to be potential pathogens. 
These criteria include; 


|. Association with disease: Must be associated with 
the disease as evident by an increase in the number 
of organisms at diseased sites. 


2. Elimination of the organism: Must be eliminated 
or decreased in sites that demonstrate clinical 
resolution of disease with treatment. 


3. Host response: Must demonstrate a host response, 
in the form of an alteration in the host cellular or 
humoral immune response. 


4. Animal pathogenicity: Must be capable of causing 
disease in experimental animal models. 


5. Mechanisms of pathogenicity: Must demonstrate 
virulence factors that enable the microorganism to 
cause destruction of the periodontal tissues. 


Application of these alternative criteria can be useful in 
evaluating if certain components of periodontal flora play a 
causative role in the disease. If given microorganisms fulfill 
these criteria, then it is highly suggestive that the organism 
is ecologically important. 
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Pathogenic microbial community: 


@ Explained in a review by Siqueira and Rocas. 


¢ There are variations in the composition of the 
microflora between patients and among different 
sites. 


@ Hence, they proposed to consider ‘Community- 
as-pathogen’ model instead of a ‘Single pathogen’ 
model. 


@ This theory is 
microarrays. 


supported by the usage of 


In 1968, Sigmund Socransky classified the bacterial 
species involved in the initiation and progression of 
periodontal disease. He classified several complexes of 
bacteria dividing them into groups, labeled by colors. The 
categories were based on the pathogenicity of the bacteria 
and their role in the development of plaque (a bacterial 
microfilm). 


The red complex and the individual species in that group 
were also strongly associated with bleeding on probing. 
The red complex is a group of bacteria that are categorized 
together based on their association with severe forms of 
periodontal disease. 


Color designations were used to denote the association of 
particular bacterial complexes with periodontal infections. 
The blue, yellow, green and purple complexes designate 
early colonizers of the subgingival flora. Orange and red 
complexes reflect late colonizers associated with mature 
subgingival plaque. 


Two complexes were clearly associated with periodontal 


disease, the red complex consisting of 
Porphyromonas-gingivalis, Tannerella _ forsythia, and 
Treponema denticola. The orange complex harboring 


Prevotella intermedia, Fusobacterium nucleatum, Prevotella 
nigrescens and Parvimonas micra. 
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Supra-gingival plaque: 


Ti [oY aTl Cole Xe] AOIL6) 


N. mucosa 


Capnocytophaga gingivalis 


Capnocytophaga sputigena 
mt Tato) eee) a geXe(14K) 


Outliers 


¢ Actinobacillus 
actinomycetamcomitans 


P acnes 
L. buccalis 
T. socranskii 


G. morbill orum 





Periodontal Microbiology )) 


Actinomyces 

¢ A.naeslundii | 
¢ A.naeslundii 2 
¢ A. israelii 

¢ A. odontolyticus 


e A. gerencseriae 
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Sub-gingival plaque: 








ACTINOBACILLUS ACTINOMYCETEMCOMITANS 
Taxonomy: 


¢ Is a member of the Genus Actinobacillus that 
belongs to the Family Pasteurellaceae. The Family 
Pasteurellaceae also consists of the Genera Pasturella, 
Actinobacillus, and Haemophilus. 


It was first described by Klinger. It was first named 
as Bacterium Actinomycetemcomitans. 


@ It was renamed as Bacteriumcomitans in 1921 by 
Lieske 


¢ Later by Topley and Wilson in 1929 as Actinobacillus- 
Actinomycetemcomitans (AA) 


vy 
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¢ Veillonella parvula 
¢ A. odontolyticus 


Actinomyces 


A. actino. b 

A. naeslundii 2 — A. viscosus 
A. israelii 

S. noxia 


@ The presence of various biotypes in AA was first 
described by King and Tatum. 


It is currently called Aggregatibacter 


actinomycetamcomitans. 


as 


There are 6 serotypes based on the lipopolysaccharide 
structure. One strain consists of serotypes a, d,e and 
f. Other strains consist of serotypes b and c. 


@ Serotype b has a high association with aggressive 
periodontal disease. These strains have a 
deletion in the promoter region of leukotoxin 
operon (JP2 clone). It expresses high levels of 


leukotoxin. 


It can have strain-to-strain variation in its genomic 
content. 
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Transmission and prevalence: 


4 


It is one of the first colonizers of supragingival tooth 
surfaces in early plaque development in monkeys and 
invivo models in human. 


AA occurs only at isolated sites. 


@ AA decreases with age. 


@ Higher chances of AA isolation in deeper periodontal 


pockets. 


It is found less in subgingival samples of adult 
periodontitis. 


Itis found in high proportions in localized periodontitis 
and regardless of age in refractory periodontitis 


The transmission mode is generally intra-familial. 


Route of infection is saliva. 


@ Can be present in the sub-gingival sulcus, tongue, 


buccal mucosa and saliva of healthy individuals. 


Morphological characteristics: 


4 


Gram — negative, saccharolytic, coccobacillus with 
cultures being predominately bacillary with few 
coccal forms. 


¢ 0.4+0.1 x 1.0 + 0.4 um in size. 


¢ Capnophilic: Requires an atmosphere of 5-10% CO, 


for good growth 


Non-sporulating, non-motile, non-hemolytic, Oxidase 
and catalase positive. 


Unlike many other members of the genus, AA is 
unable to grow on MacConkey’s agar. 


lt forms small translucent colonies of approximately 
0.5-1.0mm in diameter. The edges of the colonies 
appear smooth circular and convex. 


The colonial morphology of fresh isolates is 
distinctive with the internal star shaped or crossed 
cigar morphology. 


They are also released into the external environment 
in large numbers. 


Extracellular membranous vesicles: 


<> The surface of highly leukotoxic strains has an 
abundance of these vesicles. 
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<> These are lipopolysaccharide in nature 
* They originate from and are continuous with the 
outer membrane. 
* Vesicles exhibit leukotoxic activity and adhesive 
properties. 

e They contain 

e Endotoxin 

e Bone resorption activity 

e Bacteriocin — actinobacillin 
Extracellular Amorphous Material: 


<> It is associated with the surface of certain AA. It is 
also called as Bleb. 


<> It embeds adjacent cells in the matrix. 
<> It is mostly a glycoprotein 
> 


Exhibits both bone—resorbing activity and adhesive 
properties 


e  Fimbriae: 


<> 


Small filamentous cell surface appendages 
associated with bacterial colonization of host 
tissues. 


They occur in peritrichous arrays 


They may be more than 2 mm in length and 5mm 
in diameter 


Often occur in bundles. 


Freshly isolated stains are fimbriated and produce 
star-shaped colonies. 


$$ $+ +4 


Fimbriated variants exhibit greater levels of 
attachment on the hydroxyapatite crystals. 


Biochemical characteristics: 


4 
4 
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They do not require factor X or V for growth. 


Can be cultured in Brain-heart infusion agar and 
AA selective medium. 


Slot studied 135 biochemical characters of AA and 
found that they decompose hydrogen peroxide, were 
oxidase — negative, benzidine — positive, reduced, 
nitrate to nitrite, produced strong alkaline and acid 
phosphatases, fermented fructose, sucrose, and 
mannose. 
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@ Genetic diversity: 


@ AA isolate with the disease—associated genotype 
containeda deletion inthe leukotoxin promoter region 
suggesting a high level of leukotoxin expression. 


@ The existence of a particularly virulent clone of AA 
and clonal specificity of AA in Localized Aggressive 
Periodontitis (LAP). 


@ But this promoter detection might not be a constant 
findings 

Clonal stability: 

@ Most infected persons harbored a single clone of this 
species (6/& - 80%) 

Virulence factors: 


@ It can form tenacious biofilms. 
@ Show auto-aggregation and colonize tooth surfaces. 


@ Isolated even in edentulous mouths and predentate 
children as they colonize even buccal epithelial cells 
along with tooth surfaces and gingiva. 


@ Incorporate extracellular DNA into their genome- 
by-genome repair, genome acquisition, and nutrient 
acquisition. 


@ Factors that promote colonization and persistence in 
the oral cavity 


<> Adherence with fibril-associated protein (Flip) 
pili. 

<> Adhesins — 
e Epithelial cell adhesins - ApiA, Aae 
e Extracellular matrix protein adhesin — EmaA 
e Omp!00, Omp29 
e Tetraphosphatase ApaH 

<> Invasins. 

<> Bacteriocins 


<> apiA is an outer membrane protein that protect 
the organism from killing by complements. 


<> Antibiotic resistance 
@ Factors that interfere with the host defenses: 


<> Lipopolysaccharides (LPS) activate Toll-like 
Receptors (TLR) and induce tissue destruction. 
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<~ LEUKOTOXIN: A _ toxin produced by 
certain bacteria, including Actinobacillus- 
actinomycetemcomitans, which is toxic to 
leukocytes, particularly | polymorphonuclear 


leukocytes. (Glossary of Periodontal terms, 
2001) 


<> Leukotoxin: It affects neutrophils, monocytes, 
lymphocytes and endothelial cells. 


e Repeats-in-toxin (RTX) 
e Cytolethal distended toxin (CdT) — 


— Can act as immune-suppressing factor by 
arresting the cell cycle and promoting 
apoptosis of inflammatory cells. 


— Stimulate cytokine secretion from 


lymphocytes. 
<> Chemotactic inhibitors 
<> Immunosuppressive proteins 
<> Fc — binding proteins 


<> Outer membrane protein - OmpA-like heat 
modified protein - Omp34(Omp29) 


<> katA detoxifies peroxide into water and oxygen 
@ Factors that destroy host tissues: 

<> Cytotoxins 

<> Collagenase 

<> Bone resorption agents 

<> Stimulators of inflammatory mediators. 
@ Factors that inhibit host repair of tissues: 

<> Inhibitors of fibroblast proliferation. 


<> Inhibitors of bone formation. 
Microbiological tests: 


¢ Culture Methods: 


< Tryptic Soy Serum Bacitracin Vancomycin Agar 
(TSBYV) is an excellent primary selective medium 
for AA and can detect the microorganism in levels 
as low as 20 viable cells per ml. 


@ Immunodiagnostic methods: 


<> Indirect | immunofluorescence 
(Bonta et al.) 


identification 
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e Evalusite Test (Eastman Kodak Company) 


e Concentration + Immunodiagnostic assays 
(Wolff et al.) 


@ Nucleic acid probe: Radiolabeled cloned DNA 


fragment of AA 
<> DMD x detection method 
<> Checkerboard DNA assay 


<> Polymerase chain reaction. 


Diseases with AA: 


@ Oral diseases associated with AA include 


<> Localized aggressive periodontitis 

<> Refractory periodontitis. 

<> Papillon — Lefevre syndrome 

<> Periodontitis in children and young adolescents. 
<> Submandibular space abscess 

<> Cervical lymphadenitis. 

<> Peri-implantitis 

Non-oral infections associated with AA include 


<> Most common  HACEK _ microorganism 
(Haemophilus spp. Aggregatibacter 
actinomycetemcomitans, Cardiobacterium hominis, 
Eikenella corrodens and Kingella spp.) 
associated with infective endocarditis 


<> Brain abscess. 

<> Fascial Plane infection. 
<> Aortic root abscess. 

<> Prosthetic valve endocarditis 
<> Pericarditis. 

<> Infected pacemaker wire. 
<> Lung abscess 

<> Mediastinitis 

<> Mediastinal abscess 

<> Necrotizing pneumonia 
<> Urinary tract infection 
<> Skin tissue abscess 

<> Hand infection 
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<> Endophthalmitis 


<> Foot cellulitis / Tenosynovitis 


<> Vertebral osteomyelitis 


Effect of periodontal treatment: 


4 


4 


@ It is extremely difficult to suppress 


Scaling and root planing alone is unable to remove 
AA from localized juvenile periodontitis lesions. 


Modified Widman flap surgery may suppress AA to 
below detectable levels in 50% of LAP lesions. 


Apically positioned flap with osseous recontouringis 
most effective surgical therapy against AA. 


Tetracycline with scaling or root planing or with 
periodontal surgery can markedly suppress or 
eliminate AA. 


Systemic use of amoxicillin - metronidazole has 
shown striking clinical results in the treatment of AA 
associated LAP Adult periodontitis, and refractory 
periodontitis. 


Tropical sub-gingival applications of tetracycline or 
metronidazole have largely been unsuccessful in 
eradicating sub-gingival AA 


AA below 
detection level in patients with periodontitis 
irrespective of periodontal treatment done. 


PORPHYROMONAS GINGIVALIS: 


Taxonomy: 


4 


P. gingivalis (PG) is a member of the much investigated 
“black-pigmented Bacteroides” group. 


Organisms of this group form brown to black colonies 
on blood agar plates and were initially grouped 
into a single species B. Melaninogenicus (Bacterium 
melaninogenicum) 


It is best described as a pathobiont — A natural 
member of the human microbiota that under certain 
perturbations to the host and microflora can cause 
pathology. 


It is a keystone microorganism as it causes dysbiosis 
among the normal flora and then disease in later 
stages. 
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Transmission and prevalence: 


@ It prefers sites showing inflammation due to poor 
oral hygiene and sites harboring Gram-positive dental 
plaque bacteria. 


@ PG is widely distributed. 


@ PG increases with increasing age. PG is virtually absent 
in young patients whereas periodontitis patients of 
age 30 to /0 years harbored this pathogen. 


@ PG is related to periodontal inflammation, increased 
probing depth, poor oral hygiene and attachment 
loss. 


@ It is found more in subgingival samples of adult 
periodontitis than AA. 


@ The transmission mode is generally intra-familial. 


@ Route of infection is saliva. 
Genetic diversity: 


@ Loos et al.examined the population genetic structure 
of PG by using multi-locus enzyme electrophoresis 
on 88 human PG strains. 


@ No association was found between specific clusters 
and disease types. 


@ Most infected persons harbored a single clone of this 
species (/5% - 85%). 


@ PG exhibits clonal heterogeneity among individuals, 
within different sites of disease and show fitness 
selection among surviving clones. 


Morphological characteristics: 

@ Black pigmented, Gram-negative, Non-motile, 
asaccharolytic, obligately anaerobic coccobacilli 

@ Exhibit smooth raised colonies. 


@ Most of their enzymatic activity is due to the 
production of cysteine proteinases (gingipains). 


@ Capsule: 


< It is an important anti-phagocytic virulence 
factor. 


<> It is an electron dense—ruthenium red staining 
layer. 


<> It is made up of polysaccharides. 
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# Outer membrane proteins: 


<> It contains at least 20 major proteins ranging in 
size from approximately 20 to 90 KDa. 


Virulence factors: 


@ It can colonize and proliferate within the dental 
plaque. 


@ It can shift the balance towards more anaerobic 
bacteria and increase the microbial load by 
transcribing proteins for growth, cell division and 
nitrogen metabolism. 


@ It can liberate aminoacids from other proteins, which 
enhances its growth and other microbes. 


@ Interactions of PG is important for the progression 
of periodontal disease. 


@ It can secrete factors to maintain its survival in 
nutrient-limited environments. 


@ Pili/ Fimbriae 


<> Derived from Latin — Pili for hair or fur, Fimbriae 
for fringe. 


<> They are curly, filamentous appendages arranged 
peritrichously. 


<> They are classified as Major or Long and Minor or 
Short fimbriae 


e Long fimbriae (FimA) are encoded by fimA 
gene. 


e Short fimbriae (Mfa) are encoded by mfal 
gene. 


<> Long fimbriae 


e They are 0.3 to 3.0um in length and 5nm in 
width. 


e They mediate attachment of bacteria to 
fibroblasts, oral epithelial cells, salivary 
proteins, fibrinogen, Fibronectin, statherins, 
proline-rich proteins, and lactoferrin. 


e They help in initial biofilm formation, as they 
attach to other bacteria like oral streptococci 
and actinomyces. 


e They restrict biofilm maturation. 
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e They facilitate the release of cytokines and 
other adhesion molecules from various host 
cells. 


e They promote bone resorption through TLR 
activity. 


e It promotes survival by inhibiting IL-|2 and 
IFN-y 


<> Short fimbriae 
e It helps in co-adhesion with other microbes. 


e They suppress and_- regulate biofilm 
development along with gingipains 


<> They play a role in cell motility, transport of 
proteins and DNA across cell membranes. 


@ Gingipains 


~~ They are endopeptidases that are highly 
proteolytic. 


<> They are trypsin-like cysteine proteases. 


<> PG without gingipains does not have pathological 
synergism with other bacterial species. 

<> Two important types —lysine-specific gingipain 
(Kgp) and arginine-specific gingipains (Rgps), are 
classified based on the specificity of the proteolytic 
cutting sites. 


<> Rgpis encoded by two genes — rgpA and rgpB. 
Kgpis encoded by a single gene — kgp. 

<> They are potent virulence factors of PG with the 
following functions, 


e Invasion of PG — by adhesion and colonization 
of cells in periodontium 


e Host Protein destruction. 


e Hemagglutination and hemolysis _— of 


erythrocytes 
e Host defense evasion 
e Nutrient acquisition 


<> Enhance vascular permeability by activating 
kallikrein/kinin pathway, activate the blood 
coagulation system, and can lead to gingival 
crevicular fluid production and progression of 
alveolar bone loss in the periodontitis. 


Periodontal Microbiology )) 


<> Gingipains degrade macrophage CD14 and inhibit 
activation of the leukocytes by the LPS and thereby 
enabling the continuous colonization of PG. 


<> They play a role in bacterial maintenance and 
maturation of fimbriae. 


< It also controls micro-colony morphology and 
biovolume. 


<> There is continuous binding and degradation 
of the surface proteins/receptors on epithelial, 
fibroblast and endothelial cells by gingipain 
complexes. This leads to cell death, inflammation 
and tissue damage. 


<> The hydrolysis of hemoglobin by gingipains into 
heme helps in the growth of PG. 


<> It can degrade host protease inhibitors like SLPI, 
elafin, SCCAI, and SCCA2 


<> It can cleave, inactivate and leading to loss of 
activity of complements, immunoglobulins, 
antimicrobial peptides, cytokines like IL-6, IL-8, IL- 
12, IL-1 8B, TNF-a and IFN-y, chemokines like IL-8. 


<> It can stimulate chemotaxis but inhibit activation 
and oxidative killing by neutrophils. 


<> It causes an increase in pH by proteolysis and 
creates a favorable environment for thegrowth of 
other Gram-negative anaerobes. 


Periodontain: 
<> It is a cysteine proteinase. 


<> It is characterized by an apparently nonspecific 
proteolysis of peptides or denatured proteins. 


<> It is capable of inactivating the human serpin, 
Ol, -proteinase inhibitor, the primary endogenous 
regulator of human neutrophil elastase. 


<> It can be detected in GCF of periodontitis 
patients. 


<> It acts as a potential virulence factor. 
Tissue destruction: 

<> Collagenase 

<> Trypsin — like protease- Gingipains 
<> Gelatinase 

<> Amino peptidase 
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<> Phospholipase A 
< Alkaline Phosphatase 
<> Acid Phosphatase 
<> Chondroitin sulfatase 
<> Hyaluronidase 
<~ Keratinase 
<> Heparinase 
<> Nuclease 
<> Epitheliotoxin 
<> Fibroblast growth inhibitors 
<> Endotoxicity 
<> Lipo polysaccharide — induced bone resorption 
<> Volatile sulfur compounds 
<> Hydrogen sulphide 
<> Short chain acid end products 
< Indole 
<> Ammonia 
@ Host Evasion: 
<> Degradation of Plasma: 
e Protease inhibitors. 
<> Degradation of Iron: 


e Proteases that liberate iron from heme- 
containing substances like Hemoglobin, 
Hemopexin, Haptoglobin, and Transferrin 


e Hemolysins 
e Hemagglutins 
<> Inhibition of polymorphonuclear leukocytes: 
e Chemotaxis inhibitors 
e Decrease Phagocytosis 
e Lysis and intracellular Killing 
< Resistance to C’ Killing: C’3 / C’5 degradation. 
<> Immunoglobin proteases 
<> Fibrinolysin. 
< Free radical formation 
e Superoxide dismutase 
e NADH oxidase. 
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@ Lectin-like adhesins 
<> Group of extracytoplasmic proteins 
<> Two major classes — Fimbrial adhesins and non- 
fimbrial adhesins. 

@ Capsular polysaccharides 


¢ Outer membrane vesicles help in attachment and 
invasion of epithelial cells with T. forsythia 


@ Inhibition of host cell defense leads to the growth 
of other species like Actinomyces, Streptococcus, and 
Veillonella. 


Biochemical characteristics: 


@ It is at present the only known Porphyromonas species 


isolated from humans that produce phenylacetic 
acid as a metabolic end product 


@ PG can convert thecobyric acid into a 
later intermediate cobinamide, indicating the ability 
of PG to biosynthesize tetra-pyrroles such as vitamin 
BI 2. 


@ It colonizes sites where the oxygen tension is low but 
nitrogenous substances are present in abundance. 


@ It requires aspartate-asparagines and glutamate for 
its growth 


Microbiological tests: 


¢ Culture Methods 


<~ PG is tentatively identifiedon the basis of 
the greenish-black colony. 


<> It can be grown on Gifu anaerobic media with 
hemin and menadione additives 


@ Aggregation Assay 
@ Immunodiagnostic methods 


<> Indirect immunofluorescence identification (Slots 
et al.) 


<> Evaluate test TM (Eastman Kodak company) 
<> Flow cytometric identification (Kamiya et al.) 


<> Concentration and 
(Wolf et al.) 


@ Nucleic Acid Probe: 
<> Digoxigenin labeled whole genomic probe 
<> Radiolabeled DNA probe 


Immunodiagnostic assays 
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<> DMD x detection method 
<> Checkerboard DNA assay 


<> Polymerase chain reaction 
Diseases associated with PG: 


@ Oral diseases include: 

<> It is the predominant organism in generalized 
juvenile periodontitis/generalized aggressive 
periodontitis. 

<> Prime pathogen of adult periodontitis/Chronic 
periodontitis. 

~~ 37 — 63% of localized juvenile periodontitis 

<> Peri-implantitis 

~ Failing regenerative periodontal therapy. 


<> Mixed infection with T. forsythia leads to abscess 
formation, inter-proximal bone resorption 


@ Associated Non-oral infections: 
<> Induce atherosclerotic plaque formation. 
~~ Otitis media. 
<> Lung abscess. 
<> Gas gangrene. 
<> Peritonsillar abscess. 
<> Pseudo pulmonary infection. 
<> Thoracic emphysema. 
<> Perforated appendix. 
<> Appendicitis. 
<> Sinusitis. 
<> Paranasalmucopyele 


<> It can induce antibodies that create auto-immunity 
by molecular mimicry leading to low birthweight, 
premature birth, and even fetal death. 


Effect of periodontal treatment: 


@ Scaling and Root planing may cause a 
temporary decrease in levels of sub-gingival PG but is 
not capable of eradicating the organism from 
subgingival sites. 


@ Surgery aimed at eliminating periodontal pockets 
provides a more predictable suppression of PG. 
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@ The most effective control of periodontal PG is 
achieved by employing a combination of resective 
periodontal surgery systemic antibiotic therapy and 
good oral hygiene. 


@ In regenerative procedures, barrier membranes can 
be secured from PG colonization by coating them 
with tetracycline. 


@ PG can be eradicated or suppressed below detection 
level with the periodontal treatment. 


Porphyrymonasendodontalis: 
¢ Originally called as Bacteroides endodontalis. 


@ Itisanasaccharolytic, black-pigmented, Gram-negative 
anaerobe. 


@ It is identified as a constituent of subgingival flora. 
Virulence factors: 


@ It does not have fimbriae like PG and has less 
adherence to gingival cells. 


@ Does not produce trypsin-like enzymes 
@ Produces collagenases and proteases. 
Microbiological tests: 


@ Highly sensitive to oxygen and difficult to culture 
from clinical samples. 


@ It can be identified with PCR, as it is difficult to 
distinguish in standard cultures. 


Clinical implications: 
It is associated with chronic periodontitis. 


@ It can be seen in infections originating from the pulp, 
in tonsils, in the dorsum of tongue and pockets of 
endo-perio lesions. 


TANNERELLA FORSYTHIA (TF) 


Taxonomy: 
@ It is the 3rd member of the red complex of Socransky 
et al 


@ The original isolate, identified as a “fusiform 
Bacteroides” was first reported in the literature by 
Tanner et al. 
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Chapter Outline: 


¢ Ultrastructure of calculus ¢ Organic components 

¢ Rate of formation and accumulation ¢ Theories regarding mineralization of calculus 

¢ Role of saliva ¢ Detection of calculus 

¢ Control of calculus formation e Review Questions: 
Antonie van Leeuwenhoek observed ‘animalcules’ in <> It states that periodontal disease results from the 
tooth scrapings over 300 years ago. Dental plaque is the ‘elaboration of noxious products by the entire 
community of microorganisms found on a tooth surface as plaque flora’. 


a biofilm, embedded in a matrix of polymers of host and 


- <> As the plaque volume increases, higher is the 
bacterial origin. 


irritants released and greater is the possibility of 
Black described gelatinous microbial plaque on the surface disease. 

of the teeth resulting from the accumulation of hundreds 
of diverse species that are found in this unique ecological 
niche. 


<> However, it cannot explain 


e The lack of disease development in some 


patients with long standing plaque. 
Materia alba refers to soft accumulations’ of 


bacteria and tissue cells that lack the organized 

structure of dental plaque, and it is easily displaced 

with water spray. e An obvious pathogen for the development 
of the disease. 


e The presence of the disease with 
minimal plaque. 


Calculus is a hard deposit that forms _ by . 
mineralization of dental plaque, and a layer of ¢ In late 1970s, the focus shifted from 


unmineralized plaque generally covers it. supragingival plaque to subgingival plaque as the 


main causative for periodontal disease. 
Plaque is natural and contributes to the normal development 


of the physiology and defenses of the host. @ The current evidence does not favour the non- 


specific plaque hypothesis; however, the objective 
of the periodontal therapy remains the removal of 


¢ Nonspecific plaque hypothesis (Loesche |976) entire plaque and calculus. 
<> It was focused on quantitative changes in plaque. ¢ The Specific plaque hypothesis (Loesche 1976) 
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<> 
<> 
<> 


lt was focused on qualitative changes in plaque. 
It states that only certain plaque is pathogenic 


Its pathogenicity depends on the presence or 
increase in specific microorganisms within the 
plaque. 


<> Evidences collected from various studies of 
subgingival microflora in health and periodontal 


disease support this hypothesis. 


¢ Ecological plaque hypothesis (Marsh 1991) 
Dental plaque is considered as a diverse community 
of microorganisms found on the tooth surface as a 
biofilm, embedded in an extracellular matrix of 
polymers of host and microbial origin (Marsh 2004). 
Dental plaque offers a broader habitat range for 
growth from aerobic to anaerobic species. 
< There is an efficient metabolic system to utilize 


the available nutrients. 


<> Various species work together in breaking down 
a complex substrate into simpler components. 


<> The organisms in plaque have increased resistance 
to stress and antimicrobial agents. Even a sensitive 
microbe is conferred resistance by the activity of 

its neighboring microbes — Indirect pathogenicity. 


<> The species exhibit higher virulence in plaque 
than in isolation — Pathogenic synergism. 


<> The shift in the community towards pathogenic 
microbes leads to disease. 


Biofilm is defined as matrix-embedded microbial population, 
adherent to each other and/or to surfaces or interfaces. 
(Costerton et al.). They are highly structured with channels 
along the depth of biofilm, creating primitive circulatory 
systems. Component species are not’ randomly 
distributed but are organized spatially and functionally. 
Many natural biofilms have a_ diverse’ microflora. 
Gene expression can be altered when cells form a 
biofilm and exist in a state of ‘biological insurance’. 
There is a unique balance among species within a 
biofilm, and they live in harmony. Antimicrobial agents 
are tested for efficacy with their biofilm _ killing 
concentration, as bacteria growing on a _ surface 
respond differently than those in isolation. 


Multiple species exist as microbial communities within 
biofilms. The component organisms are not just passive 
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neighbors but exist with physical, metabolic and molecular 
interactions. The metabolic byproducts of early colonizers 
could be used as a nutrient for late colonizers. This diversity 
increases with time. Neighboring cells can 
neutralize inhibitors and help in the survival of the 
community as a whole by gene transfer and conferring 
resistance. These communities provide physical protection 
from phagocytosis due to their spatial arrangement. 


@ In health, there is a symbiotic balance between the 
host and all microbes. 


@ When there is a change in number of pathogenic or 
beneficial bacteria or their balance or if there is a 
change in activation of the host response it leads to 
periodontitis. 


@ It proposes that the carious disease can be attributed 
to changes in the environment, which disrupt 
homeostasis between the plaque microflora and host 
and describes it in relationship to dental caries. 


@ It proposed that periodontal disease isan opportunistic 
endogenous infection due to ecological shift in the 
plaque from a primarily Gram-positive facultative 
anaerobic species to a Gram-negative obligate 
anaerobic or microaerophilic species resulting from 
host-microbial and microbe-microbe interactions, 
creating an anaerobic environment which favors their 
growth. 


@ Thus, any bacterial species may become pathogenic, 
as their virulence can increase due to changes in the 
environment. 


@ It describes the possibility of disease in the absence 
of pathogenic bacteria and presence of pathogenic 
bacteria without any evidence of disease. 


@ Thus, the disease can be prevented by targeting the 
pathogenic bacteria and adjusting their environment 
to maintain homeostasis. 


@ However, over 700 - 1200 bacteria have been 
isolated but could not fulfil the Koch’s postulates. 


@ Socransky criteria. 
<> Hence, he proposed that association of organism 


with disease or increased number of that organism 
at the site of infection or decrease or absence in 
health or after treatment. 
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<> Checkerboard DNA-DNA hybridization 
technique, first proposed by Socransky et al., has 
illustrated the complex nature of dental plaque. 


<> Importance of Aggregatibacter actinomycetam- 
comitans and Porphyromonas gingivalis for 
periodontal disease 


@ Genco et al. (1988) 


<> He proposed that exogenous microorganisms 
cause severe periodontitis. 


<> This cannot explain the methods for host entry, 
colonization,and acquisition, mode of transmission 
or effect of treatment. 


@ Theilade (1986) 


<> He proposed microbial succession from health to 
disease and association of specific pathogens for 
the disease. 


<> It cannot explain the differences in disease activity 
between and within individuals. 


Plaque as a Biofilm: 


Biofilm consists of single cells and microcolonies, all 
embedded in a highly hydrated, predominantly anionic 
exopolymer matrix.—_(Costerton et al.) 


A microbially derived sessile community characterized 
by cells that are irreversibly attached to a substratum 
or interface or to each other, are embedded in a 
matrix of extracellular polymeric substances that they have 
produced, and exhibit an altered phenotype with respect 
to growth rate and gene transcription. (Donla and Costerton) 


Structure of biofilms: 


Microcolonies (15-20%) 


Exopolysaccharides (EPS) — (75 — 80%) — backbone 
of biofilm 


Voids/water channels 





Bacteria in biofilms produce a matrix of extracellular 
polymeric substances (EPS) made up of carbohydrates, 
proteins, nucleic acids, and lipids/phospholipids. A biofilm 
reduces the antimicrobial susceptibility. This matrix helps in 
adherence. The tolerance of residing bacteria can increase 
up to 1000 times within a biofilm. 
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Previously, bacteria have been studied as they grew in 
colonies on culture plates in the laboratory. More 
sophisticated microscopy, such as confocal scanning laser, 
has permitted examination of the biofilms in their 
natural states. 


Microorganisms in biofilm behave differently than 
bacteria in a culture medium. 





Multiple Resistance to 
fa microcolonies. antibiotics, 

antimicrobials, 

Differing and host 

environments. response 

Primitive 

communiction 

system. 


micro organisms: 
protective matrix 


0.0 
& 
7 
e 
5 
O 
fe 
qj 
5 
” 
a 
O 
o 
U 
c 
o 
” 
oO 
fe 
oO 


Co-operating colonies of 


Fig 9.1: Basic Biofilm Properties 


When seen through a microscope, bacteria in a biofilm are 
not distributed evenly. 


@ The enveloping inter-microbial matrix surrounds the 
grouped microcolonies. 


@ The matrix is penetrated by fluid channels that 
conduct the flow of nutrients, waste products, 
enzymes, metabolites, and oxygen. 


have 
nutrient 


+ These microcolonies 
microenvironments with differing pH, 
availability and oxygen concentrations. 


@ The bacteria in a biofilm communicate with each 
other by sending out chemical signals. 


@ These chemical signals trigger the bacteria to produce 
potentially harmful proteins and enzymes. 


FORMATION OF PLAQUE AT ULTRA- 
STRUCTURAL LEVEL: 


Biofilm formation can be described in 4 stages: 


|. Initial adherence of bacteria to tooth surface 
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2. Lag phase with phenotypic shifts in gene expression. 


3. Rapid growth and production of exopolysaccharide 
matrix 


4. The Steady state with growth equilibrium. 
The phases in plaque formation include: 

@ Acquired pellicle formation 

¢ Transport of microbes to the pellicle. 


@ Physico-chemical interactions between microbes and 
pellicle. 


<~ Weak, long-range 
<> Strong, short range 
<> Co-aggregation 
@ Multiplication of bacteria and confluent growth 
<> Formation of microcolonies 


<> Formation of mature plaque with separate regions 
for fast growing and slow growing bacteria along 
with water channels and nutrient gradients. 


Colonization- 
Mature 
Plaque 


Transport of 
Microbes to 
ualom milifal= 


Colonization- 
Microcolonies 


Adhesion Attachment 





Fig: 9.2: Formation of Plaque 
Acquired Pellicle formation: 


PELLICLE, SALIVARY: Tooth- or mucosal adherent 
salivary proteins.(Glossary of Periodontal terms, 2001) 


The tooth surface is a non-shedding surface that acts 
as the base for thedevelopment of plaque. All surfaces of 
the oral cavity (both hard and soft tissues) are coated 
with a pellicle (initial phase of plaque development). 
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Within nanoseconds after a vigorously polishing the teeth, a 
thin saliva-derived layer, called the acquired pellicle, covers 
the tooth surface. 


This pellicle consists of numerous components, including 
glycoproteins (mucins), proline-rich proteins, phospho- 
proteins (Statherin), histidine-rich proteins, enzymes 
(a-amylase), and other molecules that can function as 
adhesion sites for bacteria (receptors). 


@ Streptococcus species can adsorb onto this pellicle 
using Antigen I/II family, Lral family, Fapl, Amylase- 
binding proteins, Antigen complex, Surface lectins, 
and Actinomyces adsorb using Type | fimbriae- 
associated proteins. 


@ It grows and multiplies along with the production 
of bacterial products. 


Plaque formation: 


PLAQUE: An organized mass, consisting mainly of 
microorganisms, that adheres to teeth, prostheses, and 
oral surfaces and is found in the gingival crevice and 
periodontal pockets. Other components include an organic, 
polysaccharide-protein matrix consisting of bacterial by- 
products such as enzymes, food debris, desquamated cells, 
and inorganic components such as calcium and phosphate. 
(Glossary of Periodontal terms,2001) 


Dental plaque is defined clinically as a structured, 
resilient, yellow-grayish substance that adheres 
tenaciously to the intraoral hard surfaces including 


removable and fixed restorations. (Carranza) 


ACCRETION: Accumulation on the teeth of foreign 
materials such as plaque, materia alba, and calculus. 
(Glossary of Periodontal terms,2001) 


MATERIA ALBA: Loosely adherent, white curds of 
matter composed of dead cells, food debris, and 
other components of the dental plaque found on the 
tooth. — (Glossary of Periodontal terms, 2001) 


Dental plaque is a dynamic biofilm. Low concentrations 
of rare organisms can be detected with advances in DNA 
typing and around |200 species are found in plaque. It 
includes hundreds of microbial species structured in 
communities in the tooth, tonsils, tongue, hard and 
soft palate, buccal mucosa, lips, and gingiva. 
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Factors which determine the oral microflora 
include: 


¢ Environmental factors: 
<> Temperature 
<> Oxygen tension 
+ pH 
< Availability of nutrients - Oral fluids with 
proteins and glycoproteins are the major source of 
nutrients for dental plaque. 


¢ Host factors: 
<> Host tissues 
<> Host fluids 
<> Genetics 
<> Diet 
¢ Microbial factors: 
<> Adherence. 
< Retention and coaggregation. 
< Microbial intra- and inter-species interactions. 
<> Clonal heterogeneity. 
< Virulence mechanisms. 


In health, the endogenous species/normal flora reside in 
symbiosis with the host. Once the homeostasis is disrupted, 
pathogenicity increases and results in disease. 


Most periodontopathogens are commensals in the oral 
cavity. They do not exist in isolation but as a part of a 
community. They express virulence only in a susceptible 
host or when changes occur in their ecosystem. Virulence 
factors lead to adherence and subsequent invasion into the 
host tissues. 


The oral microbiome is composed of diverse microbial 


groups, including bacteria, fungi, archaea, viruses, 
and protozoa. According to the Human Oral 
Microbiome Database (HOMD), the human _ oral 
microbiome comprises 619  species-level prokaryotic 
taxa belonging to 13 phyla, namely — Actinobacteria, 
Bacteroidetes, Chlamydiae, Chloroflexi, | Euryarchaeota, 
Firmicutes, | Fusobacteria, Proteobacteria, Spirochaetes, 
SRI, Synergistetes, Tenericutes, and TM7. 
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Initial stages: 


@ The Early plaque has mainly gram-positive cocci. 
Among the first species to colonise were 
streptococci and Actinomyces, including 
Streptococcus sanguinis,S. oralis, S. mitis, S. salivarius and 
A. viscosus. 

@ S. gordonii is an early colonizer that recruits other 
species. The genes involved in this biofilm formation 


include, 

<~ intercellular or intracellular signaling genes (cbe, 
spxB), 

<> genes involved in cell-wall integrity and 
maintenance of adhesive proteins (mur E, msrA, 
atf) 

<> extracellular capsule biosynthesis genes (pgsA, 
att) 


<> genes involved in physiology (gdhA, ccmA, ntpB) 


@ There is a change in species composition within |2 
hours. It gets replaced by filamentous gram-positive 
forms and finally gram-negative microbes. 


@ This bacterial progression enables plaque 
maturation with time. 
¢ Saliva acts as a_ substrate providing 


endogenous nutrients and as a transport medium 
for exogenous nutrients. 


@ The Increase in the thickness of plaque creates a 
nutrition and atmospheric gradient within the 
plaque biofilm. 


@ These leads to reduced oxygen levels in the 
deeper layers leading to the growth of anaerobic 
species. 

Co-aggregation: 


Coaggregation can be defined as intra-generic, inter- 
generic or multi-generic cell-to-cell recognition in a 
biofilm community. (Kolenbrander, 1989) 


@ It helps in the rapid colonization of surfaces 
and protect the microbes from the external 
environment. 


@ It enables the colonization of organisms that do not 
have receptor sites. 


@ Coaggregation of various species increases the 
number of microbes. 
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@ As the biofilms mature, they develop metabolic and 
phenotypic flexibility. 


@ Synergistic species help in this process. 


@ Cell to cell recognition with the help of adhesins 
or other receptors on bacteria help in  co- 
ageregation. 


<> Increased ability to surface attachment — pili 
formation and EPS synthesis 


@ Streptococci produce dextrans that facilitate the 
adhesion of other microbes. 


<> Metabolic co-operation that enables species to 
live and grow together. 


@ Gram-negative organisms cannot adhere directly to 
the tooth surface and _ thus gram-positive 
organisms indirectly help in adherence. 

¢ The various forms of coaggregation include, 


<> Resistance to antibiotics and ability to avoid host 
defense — difficult to penetrate or engulf the 
biofilm fragments. 


@ The metabolic products produced by bacteria in the 


<> Corn-cob formation — Coccoid cells like ee 
streptococci attach to a _ long rod plaque can promote or inhibit the growth of other 
like Fusobacterium nucleatum, component species. 
Corynebacterium martuchotii, S. sanguinis ¢ Promotion: 


<> Veillonella and Aggregatibacter actinomyceta- 
mcomitans use the _ lactic acid produced 


<> Test-tube formation with Eubacterium yurii 


<> Bridge Formation- A single bacteria can help 


in the attachment of two others and act as by Streptococd and = Actinomyces —_ for 
a bridge. — Prevotella _—loeschii += between their metabolism. 
Streptococcus oralis and Actinomyces israeli. <> Menadione produced by Veillonella helps in 

< Inter-generic formation —  Aggregatibacter the growth of Porphyromonas and Prevotella. 
actinomycetamcomitans, Tannerella forsythia, <> Fatty acids produced by Fusobacterium helps in 
Treponema and Fusobacterium species growth of Treponema 

<> Intra-generic formation -— Porphyromonas <> Metabolic products from Treponema and P 
gingivalis, _ Actinomyces, Streptococci and gingivalis helps in the growth of Mogibacterium 
Fusobacterium species timidum. 

The molecules that help in co-aggregation include Inhibition: 


Antigen I/Il family, CshA, CshB, Lral family, Co- 
agsregation-mediating adhesin, Fibrillar antigen 


<> Colonization by pathogenic species can prevent 
further adhesion by other commensals. 


B, Fimbriae-associated proteins, Fimbrillin, Outer 


membrane proteins and corncob receptor. <> There can be increased growth of pathogens at 


a — the expense of commensals. 
@ The colonization of pathogenic bacteria is probably 


dependent upon the interaction of pathogens and 
commensal organisms. When Pgingivalis fuses with @ Quorum sensing: 
oral streptococci or actinomyces, they are resistant 
to removal. 


<> Increased production of virulence factors 


The regulation of gene expression in response to 


fluctuations in cell population density. (Miller) 

@ Invasive species Fusobacterium nucleatum 
could bind to the noninvasive oral species S. 
cristatus and transport it into oral epithelial cells. 


<> Within biofilms,bacteria communicate with each 
other by this mechanism. 


<~ It is seen in gram-positive and gram-negative 


Balance among various species in biofilm: bacteria. 


<> As they grow, these bacteria secrete auto- 
inducers into the environment that accumulates 
with time. 


In order to survive, each microorganism must sense and 
adapt to changes within its local environment that may be 
caused by other microorganisms or by the host itself. 
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<> These autoinducers help in gene activation 
in response to the environmentthat leads to 
prolonged survival, increased virulence and other 
effects. 


<> P. intermedia, T. forsythia, F nucleatum and P 
gingivalis produce such auto-inducers. 


<> Some autoinducers include 
e Acyl homoserine lactones (AHL) 
e Autoinducer (AI-I,Al-2,Al-3, and AIP) 
e Cyclic dipeptides 
e Bradyoxetin 


e Autoinducer synthases — AHL synthase, Al-2 
synthase 


e Quorum sensing regulators — 
— LuxR-type regulators 
— LuxP/Q-type regulators 


<> Negative regulation of quorum sensing by Quorum 
quenchers — AHL degrading enzymes 


¢ Bacterial Sex in_ dental plaque: 
<> Bacterial sex is defined as the inheritance of 
DNA from any source aside from a bacterium’s one 
parent cell. (Narra & Ochman) 


<> All bacterial species are made up of a 3 groups of 
genes, 
e Pan-genome — present in all strains 


e Dispensable genome — present in 2 or more 
strains 


e Unique genome — present only in single 
strains. 


<~ There is formation of new genotypes by 
homologous recombination 


<> It produces an offspring with a mixture of traits. 


<> Itcanintroducea limited amount of new sequences 
by horizontal gene transfer 


e Conjugation - Cell to cell, contact 
with bacterial sex pili and exchange of 
plasmids and transposons. 


© Transduction — 
viruses (Bacteriophages). 


bacteria-infecting 
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e Transformation — by direct DNA uptake 
from the environment 


— Campylobacter, Hemophilus, and 
Neisseria — Active all the time and absorb 
free DNA from plaque 


— Streptococci — Active only in certain 
states. 


e Membrane vesicles by Gram-negative 
bacteria 


e Clustered Regularly = Interspaces 
Short Palindromic Repeat — CRISPR is 
a prat of bacterial defense against viral 
infections and plasmids. 


<> Advantages of these gene transfer include 
e Increased virulence 
— New metabolic pathways 


— Transfer of environmentally derived 
antibiotic resistance genes 


e Enhances survival in harsh environments 
e Improves pathogenicity 
<> Implications include: 


e Streptococcus species show high levels 
of gene gain and loss. 

e High amounts of gene transfer are also noted 
in Aggregatibacter actinomycetamcomitans, 
P. gingivalis, F. nucleatum, Prevotella denticola, 
Prevotellaintermedia, T. denticola, Actinomyces, 
and Peptostreptococcus anaerobius imparting 
active disease and antibiotic resistance. 

e The presence of extracellular DNAse can 
interfere and _ regulate gene _ transfer 
between species. 


¢ Predation and competition: 


<> Bacteria within biofilms could be consumed 
by free-living protozoa like Hartmannella 
vermiformis, Bdellovibrio species, Acantamoeba 
species, bacteriophages and PMNs. 


<> The variable growth of species in a biofilm than in 
a pure culture. 
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<> Organisms that can attach, colonize and multiply 
at a faster rate have a stronger survival and impact 
the overall structure of the biofilm. 


@ Dispersal: 


<> The components of the biofilm could be dispersed 
by, 

e Shedding of daughter cells from actively 

growing cells due to variable hydrophobicity. 


e Detachment as a result of nutrient levels 
e Quorum sensing 


e Shearing of biofilm aggregates by flow effects 
— continuous removal of small particles from 
the biofilm 


e Enzymes can cleave the EPS matrix and release 
the microbes. 


e Sloughing — rapid and massive removal 
e Abrasion — detachment due to collision of 
bulk fluid with the biofilm 
Importance of adhesion: 


The adhesion of bacteria to the intra-oral hard surfaces 
is a pre-requisite for the development of diseases such 
as caries and periodontal inflammation. Until now, there 
is no clear-cut explanation describing this adhesion. 


Microbial adhesion to surfaces in an aquatic environment 
has been described as a four-stage sequence. 
Phase 1- Transport to the surface: 
The first stage involves the initial transport of bacterium to 
the tooth surface. Random contact may occur by 
@ Brownian motion (Average displacement of 40um/h) 
@ Sedimentation. 
@ Active bacterial movement.(Chemotactic activity) 
@ Through liquid flow.(several orders of magnitude 
faster than diffusion) 


Phase 2 - Initial adhesion: 


@ It is a reversible adhesion of the bacterium, initiated 
by the interaction between the bacterium and the 
surface from a certain distance (50 nm) via long and 
short range forces. 


(ey 
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@ Long-range forces: 
<> Van der Waals forces. 
e London dispersion 
e Derby forces (dipole-induced dipole) 
e Kesson forces (dipole-dipole interaction) 
<> Electrostatic forces 
@ Sterns layer Short-range interactions. 
<> Gibbs energy. 


Phase 3 — Attachment: 


@ After initial adhesion, a firm anchorage between 
bacteria and surface is established by specific 
interactions (covalent, ionic or hydrogen bonding) 
after direct contact or by bridging true extra-cellular 
filamentous appendages. 


@ Such bondingis mediated by © extracellular 
proteinaceous components of the organism 
(adhesins) and complementary receptors on the 
surface (pellicle) and is species-specific. 


@ On a rough surface, bacteria are better protected 
against shear forces so that a change from reversible 
to irreversible bonding occurs more easily and more 
frequently. 


@ Streptococci- binds to acidic proline-rich proteins, 
sialic acid, o-amylase 

@ Actinomyces species - bind to acquired pellicle and 
streptococci 

@ Cryptitopes: (cryptic=hidden, topo=places) 
A.viscosus, for example, recognizes cryptic segments 


of proline-rich proteins which are only available on 
adsorbed molecules. 


Phase 4 — Colonization: 


COLONIZATION: Formation and _ establishment 


of population groups of the same _ type of 
microorganism, such as in the periodontal pocket. 
(Glossary of Periodontal terms, 2001) 


@ When the firmly attached microorganisms start 
growing, and the newly formed bacterial clusters 
remain attached, microcolonies or a biofilm can 
develop. 
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@ Streptococci and actinomyces are _facultatively 
anaerobic, and doubling times for microbial 
populations during the first 4 hours is less than 
| hour. 


¢ All other oral bacteria bind to streptococci and or 
actinomyces. 


@ Most co-aggregations among strains of different 
genera are mediated by lectin-like adhesins and can 
be inhibited by lactose and other galactosides. The 
examples of co- aggregations. 
<> Corn-cob formation: streptococci adhere to 
filaments of Bacterionema matruchotii. 


< Test-tube brush: composed of filamentous 


bacteria to which gram-negative rods adhere. 


Fig 9.3: Physiology of plaque 
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Constituents of plaque: 


One gram of plaque contains 2x1011 bacteria. 
¢ Non-bacterial micro organisms 
<> Mycoplasma 
<> Yeast 
<> Protozoa 


<~ Viruses 

¢ Intercellular matrix: 
< The intercellular matrix forms a hydrated gel 
in which the embedded bacteria exist and 
proliferate. 
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This gel- like matrix is a primary characteristic of 
biofilms. 


¢ Inorganic constituents: 
<> Sodium 
<> Potassium 
<> Fluoride 


¢ Organic’ constituents: (Saliva, GCF 


bacterial products) 

<> Polysaccharides ; dextran. 
< Proteins — Albumin. 

<> Glycoproteins. 

<> Lipid material. 


Variations in plaque: 


The average microscopic count of bacteria in unmineralized 
dental plaque has been calculated to be up to 2.1 = 108/ 
mg wet weight. 


Most organisms in the plaque react as a single unit 
in harmony to changes in the environment rather 
than individuals. 


@ Children exhibit plaque microbial levels similar 
to those of their mothers mainly for different 
Streptococcus (S. mutans, S. sobrinus, S. mitis, S. 
gordonii and S. sanguinis) and Lactobacillus species 
(L. casei, L. salivarius and L. fermentum). 


@ Supragingival plaque microbial composition most 
probably differs between deciduous and permanent 
dentitions. 


@ The microbiological profile of subgingival plaque is 
different in subjects from different countries and 
different ethnic origin. 


¢ Variations within dental arch: Early plaque 
formation occurs faster in the lower jaw, in molar 
areas, on the buccal tooth surfaces (especially 
in the upper jaw) and in the interdental regions 


¢ Variation among age groups: Studies show 
that no difference in denovo plaque formation 
could be detected between a group of young 
(20-25yrs) and older (65-80yrs) who 
abolished mechanical tooth cleaning, either in 
amount or composition. 
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Sampling plaque: The standard procedure is to draw 
one sample from the deepest pockets of each quadrant, i.e. 
four samples per patient. Variations in sampling methods 
influenced the study outcome as chronic periodontal 
disease shows episodes of activity and quiescence. Most 
samples may represent previous disease activity and not 
the current status. 





Fig. 9.4: Plaque and Periodontitis 


Plaque in health: 


@ Normal oral microflora inhabits all surfaces and 
protects the colonization of potential pathogenic 
organisms. 


¢ Many Gram-positive bacteria like Streptococcus and 
Actinomyces are predominant on tooth surfaces. 


@ Predominant bacteria in gingival sulcus include 
Actinomyces, Atopobium, Eubacterium, Micromonas, 
Peptococcus, Staphylococcus, Streptococcus and 
Veillonella. 


@ Spirochetes and motile rods are less in number. 


¢ There are morphological and __ bacteriological 
differences in molar plaque, incisal plaque, and plaque 
from buccal, lingual and inter-proximal surfaces. 


¢ Beneficial bacteria have a better network and are 
correlated strongly with other beneficial bacteria. 
Supragingival plaque: 
Supragingival — Coronal to the gingival margin. — 
(Glossary of Periodontal terms, 2001) 


¢ Supragingival plaque is found at or above the 
gingival margin. 


@ When in direct contact with the gingival margin, it is 
referred to as a marginal plaque. 
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¢ Gram-positive cocci and short rods predominate at 
the tooth surface whereas gram-negative rods and 
filaments as well as spirochetes, predominate in the 
outer surface of the mature plaque mass. 


@ Non-professional cleaning activities influence only 
the Supragingival plaque. 
Subgingival plaque: 
¢ Subgingival — Apical to the gingival margin. - 
(Glossary of Periodontal terms,2001) 


¢ Subgingival plaque is found below the 
gingival margin, between the tooth and the gingival 
pocket epithelium. 
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Fig. 9.5: Dental plaque, Dental caries and periodontal diseases 
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@ Tooth-associated/attached plaque: Gram-positive rods 
and cocci, including bacteria such as Streptococcus 
mitis, S.sangius, A.viscosus, A naeslundi and Eubacterium 
species. 


@ Epithelium associated plaque: Gram-negative rods, 
cocci, filaments, flagellated rods, spirochetes, host 
tissue cells (WBC and epithelial cells), Pgingivalis, 
P.intermedia, C.ocharacea. 


@ Subgingival plaque contains numerous motile bacteria 
than supragingival plaque influenced by its stagnant 
environment within the sulcus. 


@ Several studies have indicated that increased microbial 
diversity and a succession in the predominant 
bacterial species in subgingival plaque correlate with 
the initiation and progression of periodontal disease. 


@ Variation in microflora has been noted in smokers 
and alcoholics. 


Dental Plaque- The 
ela ti=e sel esa 





¢ Dental caries. 
¢ Gingivitis. 

¢ Periodontitis. 

¢ Stomatitis. 

¢ Peri-implantitis. 









Fig. 9.6: Dental plaque-The prime etiology 
Plaque in Gingivitis: 


@ The presence of plaque alone does not induce 
disease. The host should be susceptible for disease 
initiation and progression. The susceptibility factors 
include genetic variations, disorders in hormones and 
immune response, drug therapy, and malnutrition. 


@ Dysbiosis is a change in the normal microbiota, 
or of misrecognition of the normal microbiota 
within different body environments. Genetic 
variants are predisposing to an_ excessive 
inflammatory response 
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like cytokine gene polymorphisms create a favorable 
environment for the selective growth of specific 
bacteria within the human biofilms. 


@ If the plaque biofilm is left, undisturbed, gingival 
inflammation sets in by 2- 4 days. 


@ Initial gingivitis is caused by Gram-positive cocci 
followed by fusiform bacilli in 2-4 days. 


@ The bacterial metabolites including endotoxins, 
mucopeptides, lipoteichoic acid and _ proteolytic 
agents penetrate the gingiva. 


@ Increased production of gingival crevicular fluid 
(GCF) with growth factors leads to the enhanced 
growth of bacteria. 


As gingivitis progresses, there is an increase in vibrios 
and spirochetes. 


Plaque in periodontitis: 


Active disease sites have increased number of Gram- 
negative, motile organisms with few Gram-positive 
anaerobes. 


@ Yellow, green and purple complexes are considered 
host compatible and are generally associated with 
healthy sites. 


@ Species like F nucleatum, P intermedia and other 
species of the “orange complex’ are necessary for 
the colonization of the “red complex”. 


@ The red complex (Jannerella forsythia, Porphyromonas 
gingivalis, Treponema denticola) is often found in 
deeper periodontal pockets. 


@ Aggregatibacter actinomycetamcomitans (AA) is a 
major pathogen for periodontal disease. 


@ Spirochaetes dominate besides P gingivalis (PG) and 
T. forsythia (TF). 
¢ Asaccharolytic Anaerobic Gram-Positive 


Rods (AAGPRs) are dependent of Pginivalis or F 
nucleatum for colonization. 


@ Gram-negative enteric rods could be a superinfecting 
pathogen associated with the progression of 
the chronic periodontitis, antibiotic resistance 
and failure of periodontal therapy. 


@ Herpes virus, Cytomegalovirus, Epstein-Barr virus 
may synergize with AA, PG or TF 
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Biofilm around implants: 
@ Cause peri-implantitis and affect thelong-term success 


of implants. 


@ Stable implants had minimal PG and AA. They have 
higher numbers of Gram-positive cocci and low 
numbers of gram-negative anaerobes. 


@ Greater amounts of PG, TF AA, P intermedia and 
Fusobacterium species were observed in_peri- 
implantitis similar to seen in chronic periodontitis. 


Quantification of plaque: 
@ Numerous plaque indices to estimate the amount of 
plaque. 


¢ Digital imaging with Red-Green-Blue (RGB) color 
encoding or Hue-Saturation-Intensity (HSI) color 
space. 


¢ Total DNA in plaque 


@ Fluorescent In-situ hybridization. 
Methods of analyzing the biofilm: 


@ The Leeds in situ device. 

@ Direct light microscopic observation. 
@ Electron microscopic observation. 

@ Micro-electrodes. 

@ Chemical probes 


Treatment options for preventing biofilm operation 
include disruption of their metabolism or affect their 
environment. 


THE POSSIBLE STRATEGIES TO CONTROL ORAL 
BIOFILM: 


¢ Control of Nutrients 
¢ Addition of base-generating nutrients - Arginine <> 


Reduction of GCF flow through anti-inflammatory 
agents 


<> Inhibition of key microbial enzymes 
¢ Control of Biofilm pH 


<> Inhibit acid production -— Fluoride, Sugar 
substitutes, Antimicrobial agents 
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<> Stimulate base production — Arginine, Urea, 
Peptides 

¢ Control of redox potential - Redox agents, 


Oxygenating agents 
@ Efflux pump inhibitors 
@ Use of probiotics and prebiotics. 


¢ Bioelectric effect — usage of electric fields to 
enhance the efficiency of biocides and antibiotics. 


¢ Photodynamic therapy -—-_ use of _ non- 
toxic photosensitizers, which are activated by alight 
that releases free radicals and kills the target cells. 
¢ Dental materials with anti-biofilm properties: 
<> Inhibition of initial binding. 
< Prevent growth. 
<> Affect microbial metabolism. 
+ Killing bacteria. 
<> Detaching biofilm. 


¢ Nanotechnology — use of nanoparticles to destroy 
biofilms 


¢ Microbial tribology — A branch of biotribology, 
which focuses on the = adhesion, disruption, 
mechanics and removal of microorganisms on 
different surfaces.-Use of microbial tribologic 
knowledge to prevent adhersion and disrupt the 
pathogenic oral biofilm. 


@¢ Metagenomics - The application of modern 
genomics to the study of communities of microbes 
directly in their natural environments and 
estimating their metabolism.- Use of metagenomics 
in the prevention of pathogenic biofilm formation. 


@ Use of DNAse and Proteinase to disrupt biofilms. 
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Review Questions: 


Essay Questions: 


2. 


Define and classify plaque. Discuss the pathogenesis, 
hypothesis and formation of plaque. 


What is biofilm? Discuss the properties of biofilms. 


Short notes: 


3. 
4. 
5. 
6. 


Subgingival plaque. 
Non-specific and specific Plaque hypothesis. 
Ecological plaque hypothesis. 


Quorum sensing. 
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Later similar isolates were extracted from both Microbiological tests: 


supragingival and subgingival plaque and were 
designated as Bacteroides D-I0 and subsequently 
speciated as Bacteroides forsythus. 


B. forsythus was reclassified by Sakamato et al. using 
16S rDNA analysis. This procedure did not reveal 
B.forsythus to be a_ species within the genus 
Bacteroides sensu Stricto. 


The distribution of important species—defining fatty 
acids, and other macromolecules resulted in the 
proposal to adopt a new genus Tannerella with one 
species I. forysthia (T. forsythensis) 


Morphological characteristics: 


4 


Gram-negative, fastidious, asaccharolytic, anaerobic, 
fusiform, highly polymorphic, rod-shaped bacteria. 


Biochemical characteristics: 
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Unique growth requirements 
<> Hemin 

<> Menadione 

~~ L-— Cysteine 

<> N-acetyl muramic acid 
<> BANA test +ve 


It grows well on blood agar when co-cultured with 
P. gingivalis or F. nucleatum 


Virulence factors: TF can directly invade buccal 
epithelial cells, suppress immunity and Induces 
degradation of RANTES. Thus, allows other 
pathogenic bacteria to survive in the periodontal 
pocket. 


Trypsin-like protease 

Sialidase 

Hemagglutinin 

Components of bacterial S-layer 

Cell surface-associated and secreted protein (BspA) 
Adhesins 

Sustenins 

Evasins 


Apoptosis. 


@ Murine abscess model is currently used to study 
these bacteria. 


@ Culture methods 
<> This species is very difficult to grow. 


<> Often require 7-14 days to develop minute 
colonies. 


<> It is shown to have an unusual requirement for 
N-acetyl muramic acid. The inclusion of this 
enhances growth. 


<> It grows well when co-cultivated with 
F, nucleatum. 


@ Immunofluorescence 
@ Checker Board DNA — DNA hybridization. 


Diseases associated with TF: 


@ Oral diseases include 


<> Is frequently isolated along with P. gingivalis from 
cases of active chronic periodontitis and it can 
invade epithelial cells. 


<> Severe periodontal diseases. 
<> Ligature induced periodontitis 
<> Refractory periodontitis 

@ Non-oral infections include 


<~ Its colonization is associated with Dialister 
pneumosintes, particularly in older individuals with 
destructive periodontal disease 


<> Heart infections 


Effect of periodontal treatment: 


@ It decreases in counts even after supportive 
periodontal therapy. 


Transmission and prevalence: 


@ It is found in high numbers at sites with bleeding on 
probing and with a CPITN index of more than 3. 
@ Parent-child co-infection occurs in 60% of the pairs. 


@ It is elevated in older group of patients 
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Taxonomy: 


¢ The genus Prevotella is named after a French anaerobic 


microbiologist, Prevot. 


@ These are anaerobic gram-negative rods that ferment 


sugar and include both pigmenting and non-pigmenting 
species. 


@ Prevotella intermedia (Pl) and P. nigrescens were earlier 


classified under bacteriodes group. Newer staining 

techniques have shown Prevotella intermedia to have 
identical phenotypic traits separated into these two 
species. 


Prevotella intermedia (PI): 


Characteristics: 
It ferments sugars. 


@ The colonies of Pl are unique in that they give off a 
brick red fluorescence when exposed to ultraviolet 
light. 


It produces B-galactoside. 


@ It needs iron for growth but cannot synthesize 
heme. 


@ In presence of glucose, it can produce acetate, formate 
and succinate. 


Virulence factors: 
@ Interpain A (InpA) 
<~ It is a Cysteine protease 


<> Virulence factor that produces tissue destruction 
and alters host defence. 


<> It can generate nutrients, inactivate immuno- 
globulins and release bacterial proteins from cell 
surface. 


<> It can undergo autolytic activation. 


@ An outermembrane protein that helps in hemoglobin 
binding and subsequent release of heme. 


@ It can easily acquire resistance to antibiotics and 
persist in periodontal disease. 


@ Adhesins 


@ Fimbriae 
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@ Hemagglutinin 
@ Hydrolytic enzymes 
Diseases associated with Prevotella: 
¢ Oral diseases include: 
<> Moderate — severe gingival inflammation 
<> Acute necrotizing ulcerative gingivitis 
@ <> Chronic adult periodontitis. 
<> Pregnancy gingivitis 
@ Other diseases include: 
<> Pulmonary infections 
<> Noma in children 


FUSOBACTERIUM NUCLEATUM 


Taxonomy: 


@ It has been recognized to be a part of subgingival 
microbiota for over |00 years. 


@ The genus Fusobacterium contains |4 species. 


@ The main subspecies in 
nucleatum, polymorphum, 
fusiforme and periodonticum. 


include 
animalis, 


oral cavity 
vincentil, 


Characteristics: 


@ It is a gram- negative, cigar- shaped anaerobic, non- 
sporulating bacillus with pointed ends. 


@ It has been of interest in recent times because it has 
been identified to induce apoptotic cell death. 


@ It acts as a microbial bridge and coaggregates with 
most oral microorganisms and could play a vital bridge 
between the primary and secondary colonizers. 


Virulence factors: 
@ The major outer membrane protein — FomA 


<> Binds with Fe fragment of IgG and helps in 
immuno-evasion. 


<> It acts as a major immunogen 


<~ It is a receptor protein for coaggregation with 
other bacterial species 


@ Hyaluronidase 


@ Chondroitinase 


(iy 
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@ Upon exposure to FN, gingival epithelial cells show 
upregulation of protease inhibitors like: 
<> Elafin or Skin-derived anti-leukoprotease 
<> SLPI 


<> SERPINB3 or Squamous cell carcinoma antigen | 
or SCCAI 


<> SERPINB4 or SCCAI 


<> These protease inhibitors target neutrophil 
elastase and pathogen-derived proteases like 
gingipains and control inflammatory tissue 
damage. 


Diagnostic methods: 


@ It can be identified with 
<> Culture in Trypticase soy broth supplemented 
with additives 
<> Radioactive labeling 
<> Confocal microscopy 
<> Dynamic Light Scattering 
<> Using vector-based vaccine 
<> Molecular cloning - Polymerase chain reaction 
<> Detection of antibodies to FomA 
<> Enzyme-linked ImmunosorbentAssay — MIP2 


<> Estimation of volatile sulfur compounds 


Diseases 


It is implicated in periodontal disease and halitosis. 


@ It is also associated with endocarditis, otitis media, 
Lemierre’s disease, urinary tract infection and 
preterm birth due to amniotic fluid infection. 


TREPONEMA DENTICOLA 


Characteristics: 


@ It is a small oral spirochete isolated from progressing 
periodontal lesions. 


@ It is a part of a there complex along with PG and TF. 


@ It is located within the surface layers of sub-gingival 
plaque. 


@ It is a gram-negative, motile, asaccharolytic, anaerobic 
spirochete. 
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@ The spriochetes have the smallest ratio of cell 
diameter to length among pathogenic bacteria. 


@ It has a symbiotic relationship with P. gingivalis in 
biofilm formation and coaggregation. 


@ It has common membrane organization with species 
of Borrelia, Brachyspira, and Leptospira. 


@ They have a_ periplasmic space containing 
peptidoglycans, within outer and inner membranes. 


@ The outer sheath lipid is chemically similar to 
Lipo-teichoic acid, but its properties are similar to 
lipopolysaccharide. Thus, it shares features similar to 
both gram positive and gram negative organisms. 


@ The periplasmic flagella help in penetration of tissues 
and pathogenicity. 


@ Two types of TD are seen — wild type and aflagellate 
(mutant) type 


Virulence factors: 


@ More than 200 proteins have been identified and 
mapped. 


@ Major Outer Sheath Protein (Msp): 
<> It is present in the outer sheath preparation. 
<> It is adhesion with porin activity. 


<> It can form pores in the cell membranes of 
fibroblasts and activated Mitogen-Activated 
Protein Kinases (MAPK). 


<> |2homologues have been identified. 
<> It can induce osteoclast formation 


<> It binds to host proteins along with OppA and thus 
helps in adherence to mucosal cells, extracellular 
matrix and with other bacteria. 


@ Oligopeptide-binding protein homologue (OppA) 
<> It can bind to host proteins along with Msp. 
@ Several types of peptidases: 


<> PrtP protease can degrade components of 
the extracellular matrix. 


@ Dentilisin: 


<> It is named because of its similarity to subtilisin of 
Bacillus subtilis serine protease. 
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<> It is described as a chymotrypsin-like protease 
(CTLP) 


<> It is encoded by prcB-prcA-prtP locus 


<> Prolyl-phenylalanine specific protease activity is a 
virulence factor. 


<> It helps in adhesion of TD. 


<> It acts as a fimbriae-binding protein for P. 
gingivalis. 


<> It is expressed as GST fusion protein. 


<> It hydrolyzes fibronectin, laminin, fibrinogen, and 
Type IV collagen, Immunoglobulins, a-chains of 
complements, albumin, and bioactive peptides. 


<> It disrupts epithelial junctions, induce cell shrinkage 
and increase the permeability of intercellular 
junctions. 


@ Dentipain 


<> IdeT — IgG-specific protease similar to IdeS, as 
streptococcal protease 


<> It is the C-terminal domain of T. denticola protein, 
which acts as a virulence factor. 


<~ It is a protease secreted into the extracellular 
environment. 


@ It can co-aggregate with Fusobacterium nucleatum and 
P. gingivalis. 


@ It can enhance the virulence of P. gingivalis, stimulate 
immune response and induce alveolar bone loss. 


# Outer membrane vesicles: 
<> It is discharged from the surface of bacteria. 


<> They are 50 to 250nm in diameter, spherical, 
bilayered vesicles. 


<> It can help in periplasmic enzyme delivery, DNA 
transport and evasion of host immune system. 


<> It can disrupt epithelial layers by affecting the tight 
junctions. 


<> It can penetrate epithelial cells and endothelial 
cells. 


@ Adherence factors: 


<> It can adhere to the tooth surface and gingival 
fibroblasts. 
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<> It can adhere to fibronectin using Msp and OppA. 
lt can induce dehydration and rearrangement of 
the cytoskeleton of fibroblasts. 


<> It can also adhere to Hyaluronan (HA) 
@ Cytotoxic Factors: 
< Serine protease 


<> It induces inflammatory cytokines like TNF-a, 
IL1-B, IL-6, and IL-8 


<> Toxins against many proteins including fibrinogen. 
@ Lipooligosaccharides (LOS) 


<> It is present on its cell wall and is different from 
Gram-negative lipopolysaccharides (LPS). 


<> It can activate macrophages and osteoclasts 
through TLR which can lead to bone loss in 
periodontitis. 


<> It can induce secretion of several inflammatory 
mediators and MMP-3 by gingival fibroblasts. 


@ Protease complex associated polypeptide - PrcAl, 
PrcA2 proteins 


@ Hemolysin (Cystalysin) 
@ Hemin binding proteins a & b 
@ Immune-modulating factors 


<> PrtP protease degrades cytokines and other bio- 
active molecules 
<> Phosphotransferase system 
@ It produces hydrogen sulfide along with PG; induce 
apoptosis of fibroblasts, oral epithelial cells, and 
periodontal ligament cells. 
@ Chemotaxis towards nutrients 


<> Chemotactic CheA, Chex, 


CheW & Chey. 


@ Resistance to antimicrobial peptides like B-defensin. 


proteins — 


Diagnostic methods: 


@ It can be cultured with New Oral Spirochete Medium 
with additives. 


@ It cannot grow on thesurface of agar plates and has a 
long generation time in liquid media. 


@ They are extremely sensitive to dehydration and can 
be visualized with cryo-electron tomography. 
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¢ It is a nutritionally fastidious anaerobe. PEPTOSTREPTOCOCCUS MICROS 
a Characteristics: 
@ Enzyme assay 

@ SDS-PAGE analysis 


Diseases: 


@ It is a gram-positive, anaerobic cocci. 
@ They are slow growing, usually non-hemolytic. 


@ Seen as two morphological types — 
@ Itis correlated with theseverity of periodontal disease 


and endodontic infection. ~~ Smooth colony — no appendages 


@ It is associated with low birth weight in pre-term sy RONEN <eolony Nas. Merl ike appendages ne 


fimbriae. 
infants. 
Virulence factors: 
CAMPYLOBACTER RECTUS oe 
@ They can adhere to epithelial cells. 
Characteristics: It can coaggregate with F nucleatum and P. gingivalis 
¢ The genus campylobacter were earlier a part of It acts as a bridge between early colonizers and late 
vibrionaceae. colonizers in dental plaque. 
@ It is a gram-negative, short, motile vibrio. ¢ The presence of carbohydrate receptors on the 
@ The motility results from the polar flagellum. cell surface. 
@ They grow on simple nutrient media. Diseases: 
@ They are fastidious and require enriched media @ Its pathogenic role is still unclear though it is 
supplemented with hemin, vitamin k, and 5% frequently isolated along with other microbes from 
defibrinated sheep blood. soft-tissue abscesses. It is also seen in subgingival 


¢ A microaerophilic atmosphere (5% oxygen, 5% C02, Plsghe.OF PeMioaennts Patents: 


and 90% N2) is required for growth. @ It can be a part of anaerobic bacteremia in newborns, 


¢ It utilizes H2 or formate as its energy source. children, and adults. 


@ It can use iron-bound transferrin as a nutrient by Assacharolytic Anaerobic Gram-Positive Rods 
assimilating its iron content. (AAGPRs) 


¢ It can reduce Fe3+ to Fe2+ by surface mpi @ They belong to VNC (Viable but Non-Cultivable) 
ferric reductase and it can be a mechanism for iron species in the oral cavity. 


acquisition. a 
@ Include many species like Eubacterium,Mogibacterium, 
Virulence factors: Slackia and Cryptobacterium (M. timidum, M. pumilum, 
¢ It is shown to produce leukotoxin. E. nodatum, E. saphenumand S. exigua) 
Diseases: ¢ The reasons for their uncultivability are 


<~ Lack of essential nutrients, growth factors or 


@ It is found in higher numbers and more frequently in a ee 
signaling molecules in artificial growth media. 


sites exhibiting active periodontal destruction. 
<> Over feeding conditions can be toxic to 
their 
@ It may contribute to adverse pregnancy disorders as growth. 
it can cross the placenta. <> Toxicity of culture medium itself. 
<> Metabolic dependence on other species 
<> Disruption of quorum sensing/ biofilm formation 


@ Refractory periodontal diseases. 


in solid media 
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@ They are isolated as predominant bacteria 
in periodontal pockets. 

@ They form tiny colonies in anaerobic culture 

@ They grow poorly in liquid media 

@ They show little or no reaction to biochemical tests. 

@ Their growth and biofilm formation are influenced 


by other periodontopathic bacteria. They can 
prolong the lifespan of P. gingivalis. 


@ They can exhibit cytotoxicity to gingival fibroblasts. 
SURFACE TRANSLOCATING BACTERIA (STB): 


¢ Gram-negative, motile, rod-shaped bacteria that have 
a gliding movement and are found in dental plaque. 
They include Campylobacter rectus, Eikenella 
corrodens, and  Capnocytophaga. (Glossary of 
Periodontal terms, 2001) 


Role of Candida: 


Candida species can integrate with biofilms and promote 
colonization of pathogens. They can interfere with host 
defense, increase their resistance to removal and may lead 
to development and progression of periodontal disease. 


Role of viruses: 


Herpes viruses can produce cytokine mimics and modulate 
host immune defense. Thus, they can indirectly benefit 
opportunistic pathogens and increase the severity of 
periodontal disease. 


Tests for periodontal microbes: 


@ Conventional culture methods for individual or 
species. 
¢ Isolation by fluorescence activated cell sorting, micro- 
manipulation, micro-fluidic devices, serial dilution 
@ Whole genomic amplification 
@ Multiple strand displacement amplification. 
@ BANA test 
<> It is an enzymatic assay. 
<> P. gingivalis, B. forsythus, and T. denticola synthesize a 
trypsin-likeenzyme. 
<> This trypsin-like enzyme has a capacity to degrade 
host extracellular matrix proteins. 
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<> Itis also capable of hydrolyzing the synthetic peptide 
N-a-benzoyl-DL-arginine-2-naphthylamide or 
BANA. 


<> BANA is colorless. On hydrolysis, it releases the 
chromophore, B-naphthylamide, which can be 
coupled to Evan’s black dye and seen as a color 
change on a reagent test card. 


N-a-benzoyl-DL-arginine-2-naphthalamide (BANA) 


TRYPSIN-LIKE ENZYME 
from 
PGINGIVALIS. 
T.DENTICOLA. 







HYDROLYSIS 


RELEASE OF CHROMOPHORE 
B-NAPHTHYLAMIDE. 


EVANS BLACK DYE 


READ ON REAGENT CARD 


Fig. BANA Test 


GENE TYPING: 


Three classes of genes in bacteria include, 


A. Informational genes -—_ central metabolism, 
transcription, translation, and regulation 


B. Core housekeeping genes — coding for essential 
proteins 


C. Hypervariable genes — encode surface proteins and 
are associated with virulence. 


Gene typing / DNA microarrays can assess genetic 
variations among bacterial strains. Some of the methods 
include 16S rRNA gene amplification by Polymerase chain 
reaction (PCR) followed by cloning and 


@ Sanger sequencing. 
<> Gold standard for DNA sequencing 


<> The steps include DNA purification, DNA 
synthesis, and labeling, capillary electrophoresis 
to separate the molecules and fluorescence 
detection. 
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Next-generation DNA sequencing (NGS) techniques 


<> It permitted massive 

introduced in 2005. 

<> Some of the NGS techniques are 
e 454 Pyrosequencing 


sequencing and was 


e = |llumina genome analyzer 

e SOLID 

e Heliscope single molecule sequencer 
e Single molecule Real-time technology 
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<> They perform massively parallel sequencing with 
clonally PCR-amplified products or single DNA 
molecule based on physical separation in a flow 
cell surface. 

<> Sequences from different samples can be identified 
using the same run. 

<> They have greater sample width and depth for 
analysis. 

<> They have increased efficiency and throughput. 

<> They have reduced cost than conventional 


Table 8.1: Diagnostic Methods 


Diagnostic 
method 


Culture 


Enzyme analysis 


Immunological 
analysis 


Conventional 
PCR 


Loop-mediated 
isothermal 
amplification 
(LAMP) 
Real-time PCR 


Sanger sequenc- 
ing 


NGS techniques 


(ig) 


Oral samples are cultivat- 
ed on appropriate media 


Estimation of enzymes 
produced by oral bacteria 
by ready made kits 
Specific antibodies used 
for bacterial identification 


DNA amplification for 
detection of bacteria 


Isothermal DNA Amplifi- 
cation 


DNA amplification for 
detection of bacteria 


DNA amplification for 
detection of bacteria 


DNA amplification for 
detection of bacteria 


¢ Viable bacteria could be seen. 


¢ Antibiotic sensitivity can be 


techniques. 


Advantages 


performed 
Rapid assessment 


Economical 


Specificity 


High sensitivity 
Qualitative estimation 


High sensitivity 
Qualitative estimation 
Visual detection 


High sensitivity 
Quantitative estimation 


Gold standard for DNA 
sequencing 


Greater sample width and 
depth. 

Massive sequencing 
Physical separation on flow 
cell surface 
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Disadvantages 


Some species cannot be cul- 
tured. 


Technique sensitive 


Bacterial species cannot be 
identified. 


Cannot differentiate between 
living and dead bacteria. 


Requires special armamen- 
tarium 

Cannot differentiate between 
living and dead bacteria. 
Requires special armamen- 
tarium 

Cannot differentiate between 
living and dead bacteria. 


Cannot differentiate between 
living and dead bacteria. 
Requires special armamen- 
tarium 

Capillary electrophoresis 
Requires special armamen- 
tarium 


Requires special armamen- 
tarium 
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Review Questions: 


Essay Question: 


Describe the microbiological tests used in periodontal 
diagnosis 


Short notes: 


2; 


3 
4 
>. 
6 
7 


Porphyromonas gingivalis. 


. Aggregatibacter actenomycetemcomitans. 


. BANA test. 


Gingipains. 


. Koch’s postulates 


. Red complex bacteria. 
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4 


4 


Akihiro Yoshida and = Toshihiro Ansai (2012). 
Microbiological Diagnosis for Periodontal Diseases, 
Periodontal Diseases - A Clinician’s Guide, Dr. Jane 
Manakil (Ed.), ISBN: 978-953-307-818-2, InTech, 
Available from:http://www.intechopen.com/ 
books/periodontal-diseases-a-clinician-s-guide/ 
microbiological-diagnosis-forperiodontal-diseases 


Bedran TBL, Marcantonio RAC, Neto RS, Mayer 
MPA, Grenier D, Spolidorio LC, Spolidorio DP. 
Porphyromonas endodontalis in chronic periodontitis: 
a clinical and microbiological cross-sectional study. 
Journal of Oral Microbiology 2012, 4: 10123 - DOI: 
10.3402/jom.v4i0.10123 


Berezow AB, Darveau RP. Microbial shift and 
periodontitis. Peridontology 2000 201 1; 55: 36-47. 


Chi B, Qi M, Kuramitsu HK. Role of dentilisin in 
Treponema denticola epithelial cell layer 
penetration. Research in Microbiology 2003; | 54: 
637-643. 


Duncan MJ. Host-pathogen dynamics: it’s complicated! 
Journal of Oral Microbiology 2012, 4: 11482 - DOI: 
10.3402/jom.v4i0. | 1482 


Enersen M, Nakano K, Amano A. Porphyromonas- 
gingivalis fimbriae. Journal of Oral Microbiology 2013, 
5: 20265 - http://dx.doi.org/10.3402/jom.v5i0.20265 


Enersen M. Porphyromonas gingivalis: a clonal 
pathogen?Diversities in housekeeping genes and the 
major fimbriae gene. Journal of Oral Microbiology 
2011, 3: 


Periodontal Microbiology )) 
8487 - DOI: 10.3402/jom.v3i0.8487 


@ Fenno JC. Treponem adenticola interactions with host 


4 


Periodontics & Oral Implantology 


proteins. Journal of Oral Microbiology 2012, 4: 9929 
- DOI: 10.3402/jom.v4i0.9929 


Fives- Taylor P.M.,Meyer, D.H.,Mintz,K.P.and Brissette, 
C. (1999), Virulence factors of Actinobacillus actinomy 
cetemcomitans. Periodont-ology 2000, 20: | 36-167. 


Ganeshnarayan K, Velliyagounder K, Furgang D, Fine 
DH. Human salivary cystatin SA exhibits antimicrobial 
effect against Aggregatibacter actinomycetemcomitans. | 
Periodont Res 2012; 47: 661-673. 


Grenier D, Tanabe S. Transferrin as a source of iron 
for Campylobacter rectus. Journal of Oral Microbiology 
2011, 3: 5660 - DOI: 10.3402/jom.v3i0.5660 


Grenier D. Binding properties of Treponema denticola 
lipo oligosaccharide. Journal of Oral Microbiology 2013, 
5: 21517 - http://dx.doi.org/|0.3402/jom.v5i0.21517 


Grinde B, Olsen |. The role of viruses in oral disease. 
Journal of Oral Microbiology 2010. 2: 2127 - DOI: 
10.3402/jom.v2i0.2127 


Guan SM, Nagata H, Shizukuishi $,Wu JZ. Degradation 


of human hemoglobin by Prevotella intermedia. 
Anaerobe 2006; | 2: 279-82. 
Haffajee AD, Socransky SS, Patel MR, Song X. 


Microbial complexes in supragingival plaque. Oral 
Microbiol Immunol 2008: 23: 196—205. 


Hashimoto M, Ogawa S, Asai Y, Takai Y, Ogawa 
T. Binding of Porphyromonas gingivalis fimbriae to 
Treponema denticola dentilisin. FEMS Microbiology 
Letters 2003; 226: 267- 271. 


Holt, S. C., Kesavalu, L., Walker, S$. and Genco, C.A. 
(1999), Virulence factors of Porphyromonas gingivalis. 
Periodontology 2000, 20: 168-238. doi: [0.111 1/ 
j.1600-0757.1999.tb00 | 62.x 


HuangyY, Kittichotirat W, Mayer MPA, Hall R, Bumgamer 
R, Chen C. Comparative genomic hybridization, and 
transcriptome analysis with a pan-genome microarray 
reveal distinctions between |P2 and non-|P2 genotypes 
of Aggregatibacter actinomycetemcomitans. Molecular 
Oral Microbiology 2013; 28: I-17. 


Imamura I. The role of gingipains in the pathogenesis 
of periodontal disease. J Periodontol. 2003 Jan; 


(9) 


\_ Etiopathogenesis of periodontal diseases 


74(1):1 11-8. 


@ Ishihara K, Kuramitsu HK, Okuda K.A 43-kDa protein 
of Treponema denticola is essential for dentilisin activity. 
FEMS Microbiology Letters 2004; 232: 181-88. 


@ Ishihara K, Okuda K. Molecular pathogenesis of the 
cell surface proteins and lipids from Treponema 
denticola. FEMS Microbiology Letters 1999; I8I: 
199-204. 


 Izard J, Hsieh CE, Limberger RJ, Mannella CA, Marko 
M. Native cellular architecture of Treponema denticola 
revealed by cryo-electron tomography. Journal of 
Structural Biology 2008; 163: I0-17. 


@ Jentsch H, Cachovan G, Guenstch A, Eicholz P, 
Pfister W, Eick S. Characterization of Aggregatibacter 
actinomycetemcomitans strains in periodontitis 
patients in Germany. Clin Oral Invest 2012; 16:1589— 
1597 


@¢ Jobin MC, Virdee |, Mcculloch CA, Ellen RP. 
Activation of MAPK in fibroblasts by Treponema 
denticola major outer sheath protein. Biochemical 


and Biophysical Research Communications 2007; 
356: 213-218. 


@ Kasai H, Nakashima K, Yokota M, Nishihara T. The 
GI cell cycle arrest of macrophages infected with 
Aggregatibacter actinomycetemcomitans. Oral Diseases 
2010; 16: 305-309. 


@ Kremer HAB, Steenbergen TJM. Peptostreptococcus 
micros coaggregates with Fusobacterium nucleatum 
and non-encapsulated Porphyromonas gingivalis. FEMS 
Microbiology Letters 2000; 182:57-61. 


@ Li N, Collyer CA. Gingipains from Porphyromonas 
gingivalis - Complex domain structures confer diverse 
functions. Eur J Microbiol Immunol (Bp). 2011 Mar; 
I(1):41-58. 


@ Liu PF Shi W, Zhu W, Smith JW, Hsieh SL, Gallo RL, 
Huang CM. Vaccination targeting surface FomA 
of Fusobacterium nucleatum against bacterial co- 


ageregation: Implication for treatment of periodontal 
infection and halitosis. Vaccine 2010; 28: 3496-3505. 


@ Mallorqui-Fernandez NI, Manandhar SP, Mallorqui- 
Fernandez G, Uson I, Wawrzonek K, Kantyka T, Sola 
M, Thagersen IB, Enghild J], Potempa J, Gomis-Ruth 
FX. A new autocatalytic activation mechanism for 
cysteine proteases revealed by _ Prevotella 
intermedia interpain A. J] Biol Chem. 2008 Feb |; 
283(5):2871-82. Epub 2007 Nov 9. 


4 


4 


4 


Section - II| 


Miyakawa H, Nakazawa F. Role of Asaccharolytic 
Anaerobic Gram positive Rods on Periodontitis. 
J. Oral Biosci. 2010; 52:3: 240-244. 


Nelson D, Potempa J, Kordula T, Travis J. Purification 
and characterization of a novel cysteine protease 
(Periodontain) from Porphyromonas gingivalis: Evidence 
for a role in the inactivation of Human a|-proteinase 
inhibitor. J] BiolChem 1999; 274: 12245-12251. 


Newman et al., Carranza’s Clinical Periodontology, 
|O/e, 2006, Saunders, St Louis, Missouri. 


O-Brien-Simpson NM,Veith PD, Dashper SG, Reynolds 
EC. Porphyromonas gingivalis gingipains: the molecular 
teeth of a microbial vampire. Curr Protein Pept Sci. 
2003 Dec; 4(6):409-26. 


Olsen, I., Shah, H.N.and Gharbia, S.E. (1999), Taxonomy 
and biochemical characteristics of Actinobacillus 
actinomycetemcomitans and Porphyromonas gingivalis. 
Periodontology 2000, 20: 14-52. doi: IO.IIII/ 
j.1600-0757.1999.tb00156.x 


Samaranayake L. Essential Microbiology for dentistry. 
2012. Churchill Livingstone Elsevier Publications. 
ISBN 9780702034848. 


Siqueira Jr JF Fouad AF Rocas IN. Pyrosequencing as a 
tool for better understanding of human microbiomes. 
Journal of Oral Microbiology 2012, 4: 10743 - DOI: 
10.3402/jom.v4i0. 10743 


Siqueira Jr JFK Rocas IN. As-yet-uncultivated oral 
bacteria: breadth and association with oral and extra- 
oral diseases. Journal of Oral Microbiology 2013, 5: 
21077 - http://dx.doi.org/|10.3402/jom.v5i0.21077 


Socransky SS. Haffajee AD. Cugini MA, Smith C, Kent 
Jr. RL: Microbial complexes in subgingival plaque. J 
ClinPeriodontol 1998; 25: 134-144. 


Soll DR. The role of phenotypic switching in the basic 
biology and pathogenesis of Candida albicans. Journal 
of Oral Microbiology 2014, 6: 22993 - http://dx.doi. 
org/10.3402/jom.v6.22993 


Strauss J, White A, Ambrose C, McDonald J, Allan- 
vercoe E. Phenotypic and genotypic analyses of 
clinical Fusobacterium nucleatum and Fusobacterium 


periodonticum isolates from the human gut. Anaerobe 
2008; 14: 301-09. 


(20) Periodontics & Oral Implantology 


Chapter 8 


@ Suzuku N, Yoneda M, Hirofuji T. Mixed Red-complex 
bacterial infection in Periodontitis. International 
Journal of Dentistry 2013: Article ID 587279, 6 
pages. 

@ TanakaA, Fujise O, Chen C, Miura M, Hamachi T,Maeda 
K.A novel gene required for natural competence in 


Aggregatibacter actinomycetemcomitans. |} Periodont 
Res 2012; 47: 129-134. 


¢ Tang G, Kawai T, Komatsuzawa H, Mintz KP. 
Lipopolysaccharides mediate leukotoxin secretion 


in Aggregatibacter actinomycetemcomitans. Molecular 
Oral Microbiology 2012; 27: 70-82. 


@ Tenorio EL, Klein BA, Cheung WS, Hu LI. 
Identification of interspecies interactions affecting 
Porphyromonas gingivalis virulence phenotypes. Journal 
of Oral Microbiology 2011, 3: 8396 - DOI: 10.3402/ 
jom. v3i0.8396 


¢ Tsuzukibashi O, Takada K, Saito M, Kimura C, 
Yoshikawa T, Makimura M, Hirasawa M. A novel 
selective medium for isolation of Aggregatibacter 


(Actinobacillus) actinomycetemcomitans. | Periodont 
Res 2008; 43: 544-548. 


@ Umeda JE, Longo PL, Simionato MRL, Mayer MPA. 
Differential transcription of virulence genes in 
Aggregatibacter actinomycetemcomitans _ serotypes. 
Journal of Oral Microbiology 2013, 5: 21473 -http:// 


Periodontal Microbiology )) 


dx.doi.org/10.3402/jom.v5i0.21473 


VanWinkelhoff, A. J. and Slots, J. (1999), Actinobacillus 
actinomycetemcomitans and Porphyromonas gingivalis in 
nonoral infections. Periodontology 2000, 20: 122- 
135. 


Vieth PD, Dashper SG, Simpson NMO, PaoliniRA, et 
al. Major proteins and antigens of Treponema denticola. 
Biochimica et Biophysica Acta 2009; 1794: 142I- 
1432. 


Ximenez-Fyvie LA, Haffajee AD, Socransky SS. 
Microbial composition of supra and_ subgingival 
plaque in subjects with adult periodontitis. J Clin 
Periodontol 2000; 27: 722-732. 


Yin L, Swanson B, An J, Hacker BM, Silverman GA, 
Dale BA, Chung WO. Differential effects of 
periopathogens on host protease inhibitors SLPI, 
elafin, SCCAI, and SCCA2. Journal of Oral 
Microbiology 2010, 2: 5070 -DOI: 10.3402/ 
jom.v2i0.5070 


Periodontics & Oral Implantology Ay 


CHAPTER 


10. Dental@al 


Chapter Outline: 


e Ultrastructure of calculus. ° 
e Rate of formation and accumulation. ° 
¢ Role of saliva. ° 
¢ Control of calculus formation. ° 


ACCRETION: Accumulation on the teeth = of 
foreign materials such as plaque, materia alba, and calculus. 
(Glossary of Periodontal terms, 2001) 


CALCULUS, DENTAL (Tartar): A hard concretion that 
forms on teeth or dental prostheses through calcification 
of bacterial plaque.(Glossary of Periodontal terms, 2001) 


MINERALIZE (Calcify): The precipitation of calcium 
and other salts into an organic matrix to form a hard 


deposit, such as dental calculus.(Glossary of Periodontal 
terms, 2001) 


Calculus is dental plaque that has undergone 
mineralization. (Hinrichs) 


It is an adherent, calcified or calcifying mass that forms on 
the surface of the teeth and dental prostheses. 


Dental calculus is defined as the calcified or calcifying 
deposits that are found attached to the surfaces of teeth 
and other solid structures in the oral cavity. 


@ It was earlier called as tartar. 


¢ It is a calcified mass of bacterial plaque. 
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Organic components. 
Theories regarding mineralization of calculus. 
Detection of calculus. 


Review Questions: 


¢ All bacterial plaque does not necessarily 
mineralize but in humans, all calculus is covered 
by bacterial plaque (dental plaque/dental biofilm). 


@ It is not the primary etiologic factor for periodontal 
disease. 


@ It has a secondary but significant role in the 
aetiology. It serves as the prime plaque-retentive 
factor. 


@ It has a rough surface and is porous. Hence, it 
retains bacterial plaque and acts as a reservoir of 
their endotoxins. 

Classification: 


It is classified based on its relation to the margin of gingiva 
as follows 
@ Supragingival calculus. 


@ Subgingival calculus. 
SUBGINGIVAL (Seruminal) Calculus: Calculus 
formed apical to the gingival margin; often brown or 
black, hard, and tenacious. (Glossary of Periodontal 
terms, 2001) 


SUPRAGINGIVAL (Salivary) Calculus: Calculus 
formed coronal to the gingival margin; usually formed more 


recently 
vy 
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than subgingival calculus. (Glossary of Periodontal terms, 


Section - III 


The minerals in calculus differ in crystal morphology, 


2001) 


Both these forms of calculus are mineralized plaque covered 


by unmineralized plaque layer. 


Composition of calculus: 


Its inorganic content resembles bone, dentine and 
cementum. Supragingival calculus has 70-80% of inorganic 
salts. Calcium: Phosphorus weight ratio ranges from |.66 


to 2. 

@ Inorganic contents (70 — 90%) 

@ Organic contents (10 — 30%) 
Inorganic contents: 

@ Calcium phosphate — 75.9% 

@ Calcium carbonate — 3.1% 

@ Traces of Magnesium phosphate 
The main inorganic components are: 

@ Calcium — 39% 

@ Phosphorus — 19% 

@ Carbon dioxide — 1.9% 

@ Magnesium — 0.8% 


¢ Trace of sodium, zinc, copper, gold, iron, silicon, 


sodium, carbonate and fluoride. 


At least 2/3rd of the inorganic component is 
crystalline in structure. The concentrations of Ca, Mg and 


Fluoride, are higher in subgingival calculus. 


composition, and dissolution characteristics. The phases of 
Calcium phosphate include, 
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Carbonate-containing hydroxyapatite (CHA)[(Ca, 
M)10(CO3,PO4, HPO4)6(OH, CI/F)2] — (Sand grain 
or rod -like crystals)-58% 

Dicalcium phosphate dihydrate, Brushite (DCPD) - 
CaHPO4*2H20. — 9% 

Octacalcium phosphate (OCP) —-— Ca8H2 
(PO4)6*5H20. (Platelet like crystals)-21% 
Magnesium substituted tricalcium phosphate 
(B-TCMB Whitlockite) (Ca,Mg)3(PO4)2(Hexagonal 
crystals)— 21% 


¢ Amorphous calcium phosphate (ACP). 


@ Generally, two or more crystal forms occur in a 


calculus sample. 


@ CHA and OCP form the majority of supragingival 
calculus (97%-1007%). 
¢ DCPD: 
< It is dominant in newly formed supragingival 
calculus (with an age of less than two weeks). 
< It is ©more common in mandibular anterior 
region 
@ TCMP: 


<> It is seen in small amount. 


<> It is seen commonly in the posterior areas. 


Table 10.1: Difference beween supragingival and subgingival calculus 


Characteristics 


| Definition 


Supragingival calculus 





SIU oy aia ler OT [OKs 


It is the calculus formed coronal to the _ It is the calculus formed apical to the gingival 
gingival margin. 


margin. 


2 Location and extent °¢ It is located coronal to the gingival ¢* It is located apical to the crest of thegingi- 


margin. 


val margin. 


¢ It may even cover the interdental ¢ It frequently reaches near the base of the 


papillae and the occlusal surface when 
functional antagonists are lacking. 


periodontal pocket. However, seldom 

reaches the junctional epithelium (0.5 mm 

gap exists). 

¢ This band of free space may be due to 

¢ Acontinuous flow of gingival crevicular 
fluid. 

¢ The apical shift of the junctional epithe- 
lium. 
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¢ Commonly found near the orifices of * It may be localized or generalised. 
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Distribution 


Clinical visibility 


Detection 


Colour 


Change in colour 


Consistency 


Shape 


Size 


Source of minerals 


Nature of the 
calculus formation 


the salivary ducts. 


o Buccal surfaces of maxillary 
molars(Stenson’s duct) 


o Lingual surfaces of the lower 
incisors (Wharton's duct and 
Bartholin’s duct). 


¢ Crowded teeth/ malocclusion. 


It is clinically visible. 


Visual examination: Apply compressed 
air and check with a mouth mirror. 
Has rough and chalky appearance. 


White — yellowish white in colour and 
exposed to saliva. 


Colour is affected by contact with 
substances like tea, tobacco, etc. 


Clay like consistency 


Irregular in shape. 


Large. 


Saliva (37% by volume) (Supragingival 
calculus does not form in animals 
whose salivary glands are surgically 
removed). 


It is deposited in layers hence it is 
heterogeneous. 
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¢ [It occurs more in inter-proximal areas and 
lingual surfaces. 


¢ More random oral distribution 


It is clinically not visible as it is below the 
gingival margin. 
¢ Visual examination: 

By blowing air into the gingival sulcus 


¢ Tactile exploration: 
Its location, the extent can be 
appreciated on examination with an 
explorer/peri-odontal probe. 


¢ Radiographs 


Dense, Dark-brown or greenish-black in 
colour. 

This colour is due to hemosiderin derived 
from gingival bleeding and black pigmenta- 
tion from calcified anaerobic rods. 


Colour is not affected as it is subgingival in 
location. 

Harder, tenacious, flint-like consistency. 
Flat and adapted to the tooth/root surface. 


Small and hidden within the sulcus. 


Gingival crevicular fluid (58% by volume). 


It is homogenous. 
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Synonyms 


Mechanism of 


mineralization 


Crystal type 


Crystal size 


Removal 


Recurrence 


Microbes 


Morphology 


Pathogenic potential 


Salivary calculus. 


It may be just a mineralization of 
salivary proteins. (Calculus formation 
has been demonstrated in germ-free 
animals.) 


Mostly OCP and CHA 


Small, needle-shaped crystals of CHA 
Platelet shaped crystals of OCP Large, 
ribbon-like crystals 

It is loosely attached and can be re- 
moved easily. 


Rapidly. 


Fast growth, 

More filamentous organisms arranged 
perpendicularly 

Some non-calcified microbes 


Undifferentiated 


Little evidence of association with 
periodontal disease. 
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Serumal, submarginal, haemotogenic, sangui- 
nary calculus 


It is a secondary product of infection as it 
derives its mineral deposits from the 
gingival crevicular fluid. 


Mostly TCMP 
No DCPD 


Only small crystals 


It is firmly attached to the tooth. 

|. The pellicle often gets mineralized here. 
Hence, its removal is difficult. 

2. Mechanical interlocking in cemental 
resorption bays and surface irregularities. 
Thus, its removal is difficult. 


Recurs rarely. 


Slow growth 

Mixture of cocci, rods and less filamentous 
organisms arranged in random orientation 
Very few non-calcified microbes 


Several types - spiny, crusty, nodular; ledge/ 
ring; individual islands or spots; thin, smooth 
veneers; finger/fern like; supramarginal upon 
submarginal deposits. 


Strong association with periodontal disease 
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Fig 10.1: Bridge-like calculus: Seen in the absence of 
functional antagonists. 


When the periodontal disease process progresses, and the 
gingival tissues recede, the subgingival calculus becomes 
exposed and is classified as supragingival calculus. Hence, in 
such instances supragingival calculus is made up of 


existing supragingival 


calculus along with the newly 


exposed subgingival calculus. 


Supragingival calculus is relatively porous in nature. Hence 
the dietary components and tobacco can stain it. 


The rate of calculus formation varies between populations 
and age. 


Ultrastructure of calculus: 
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Calculus crystals are made up of needle-like H 
crystals 


The direct connection between their lattice planes 
which is also coincided with the enamel-calculus 
junction. 


The mechanical interlock between — calculus 
and undercuts of cementum is also a mode of 
attachment. 


Stronger attachment of calculus crystals to 
the cemental surface, with direct connection to 
the HA crystals of the tooth surface. 


Subgingival calculus had lower microporosity, 
homogeneous crystals, and a greater proportion of 
smaller crystals. 


The occurrence of fractures within the calculus but 
not at their tooth interface. Hence, the remaining 
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@ Organic 


2. Mechanical 


Dental Calculus 


calculus on tooth surface could act as seeds for re- 
growth. 


Organic components: 


components consist of amixture of 
protein-polysaccharide complexes, desquamated 
epithelial cells, leukocytes, and various types of 
microorganisms. 


Carbohydrate — 1.9 - 9.1% (Galactose, Glucose). 
Salivary proteins: 5.9 — 8.2% (including amino acids). 


Lipids — 0.2% (neutral fats, free fatty acids, cholesterols, 
and phospholipids). 


Higher amounts of organic content can be noted 
on the calculus surface than the calculus-cementum 
interface. 


The Increase in microbes creates higher porosities 
and lower the compressive and tensile strength of 
calculus. 


@ Periopathogens such as _ Aggregatibacter 
actinomycetemcomitans, Porphyromonas _ gingivalis, 
and Treponema denticola have been found in the 
deep recesses of the structural channels and 
lacunae of both supragingival and subgingival calculus. 


Attachment to tooth surface: 


A Different mechanisms of attachment of calculus to the 
tooth surface have been described. They are as follows 


|. Attachment by means of an organic pellicle. 


locking into microscopic surface 


irregularities of cementum. (Zander) 


. Attachment into Resorption lacunae and carious 


destruction. (Zander) 


Close adaptation of under surface of calculus to 
shape of the unaltered cemental surface. 


Calculus bacteria penetrate into Cementum and 
laying the matrix into cementum. (Zander) 


Calculo-cementum is the calculus embedded 
deep in the cementum and appears morphologically 
similar to it. 


Cy 
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6. Calculus deposition into the space of cemental 
fragmentation from the dentine at _ the 
cementoenamel junction. (Moskow) 


Formation of Calculus: 


@ Calcification of plaque to form calculus occurs by 
precipitation of mineral salts. 


@ Calcification of bacterial plaque starts as early as 4-8 
hours of plaque formation. 


@ Plaque that is calcifying may become 50% mineralized 
by 2 days. 


@ Both parotid and submandibular saliva are 
supersaturated with calcium phosphates but do not 
precipitate spontaneously. 


@ The plaque can concentrate enormous calcium (2 
—20 times) than its level in saliva. 


¢ The presence of urea in saliva and increased salivary 
film velocity promotes base formation by clearing 
sugars and acids within the plaque. The pH in plaque 
is 0.5 to | unit higher than surrounding saliva. This 
leads to precipitation of calcium phosphate. 


Earliest crystals form in the intercellular (bacterial) 
matrix containing mineral nucleating proteolipids. 


@ Individual organic molecules like lipoteichoic acid 
and bacterial proteins can act as templates for 
mineralization. 
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Mineral deposition occurs in layers and in phases. 
There are periods of mineralization between 
periods of salivary protein deposition and bacterial 
accumulation. 


The process of mineralization includes 
<> Localized supersaturation. 

<> Nucleation. 

<> Crystal growth. 


<> The transformation of precursor phases (DCPD, 
OCP, and ACP) into more stable forms of CHA 
and B-T CMP. 


DCPD appears first and is noted in 3-5 day old 
calculus. 


It is followed by OCP which is seen in both old and 
new calculus. 


As the calculus matures, WHT and CHA proportion 
increases. 


With time, there is hydrolysis of CHA or TCMP which 
leads to further mineralization. 


Subgingival calculus contains more TCMP and less 
OCP. 


The ratio of calcium to phosphate is_ higher 
subgingivally, and the sodium content increases with 
the depth of the periodontal pockets. 


Rate of formation and accumulation: 


@ As plaque thickens, the crystals then form on bacterial 
surfaces and at last within the bacteria in the deeper 
layers. 


@ This rapid crystallization is due to supersaturation of 
ions within the plaque and slow diffusion of inhibitors 
into the biofilm. 


@ In both  supragingival and _ subgingival plaque, 
calcification starts near the inner surface of the 
plaque at the pellicle. 


@ The rate of formation and accumulation of calculus 


vary from person to person, in different teeth, and at 
different times in the same individual. 


¢ Based on differences in rate of calculus formation, 


individuals may be classified as heavy (>|.5mm/tooth), 
moderate (0.6-|.5mm/tooth), or slight (<0.5mm/ 
tooth) calculus formers or as non-calculus formers. 


Table 10.2: Classification of individuals based on differences in rate of calculus formation 


Based on Differences in Rate of Calculus Format 


Heavy Moderate (0.6- 


(> 1.5 mm/tooth) | 1.5 mm / tooth) 


Slight (<0.5 mm / tooth) 
calculus formers or as 
non-calculus formers. 
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@ The average daily increment in calculus formers is 
from 0.10% to 0.15% of dry weight. 


@ Reversal Phenomenon: Calculus formation continues 
till it attains its maximal levels by 10 weeks to 6 
months. It may then be reduced by mechanical wear 
by food, cheeks, lips and tongue. This drop in the 
amount of calculus after the maximum accumulation 
is called reversal phenomenon. 


Theories regarding mineralization of calculus: 


The calcification of calculus is believed to occur by two 
principal mechanisms. They are as follows: 


|. Booster mechanism: — Local saturation shift 
of calcium and phosphate leading to mineral 
precipitation. It may be due to a local rise in pH 
caused by the proteolytic activity of plaque bacteria 
leading to depletion of CO., the release of ammonia, 
urea, and amines. 


2. Epitactic mechanism/Epitacticconcept/ 
heterogeneous nucleation: The formation of 
calculus mineral occurs with crystal seeding or 
nucleation of small foci in the intercellular matrix. 
These foci of calcification join to form the calcified 
mass 


MATERIAALBA: Loosely adherent, white curds of 
matter composed of dead cells, food debris, and other 
components of the dental plaque found on the tooth. 
(Glossary of Periodontal terms, 2001) 


Materia alba is loosely adherent matter composed of dead 
cells, food debris and other components of the dental 
plaque. 


@ It is a yellow or grayish white. 


@ It is soft, sticky deposit but is less adherent than 
dental plaque. 


@ Its composition is same a dental plaque but lacks the 
organized structure. 


@ It is clinically visible. 


Food debris are the food particles that are not cleared by 
the saliva or mechanical actions of the muscles of cheeks, 
lips and tongue. 


Dental stains are pigmented deposits on the surface of 
the tooth. 
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Role of saliva: 


The contents and physical nature of saliva influence plaque 
and calculus formation. The formation of calculus is related 
to mineralization of plaque by inorganic salts derived from 
saliva. These salts are readily incorporated at alkaline pH. 


The Increase in activity of salivary proteases, lactate 
dehydrogenase, alkaline phosphatase and _ acid 
phosphatase leads to increased calculus formation. There 
is an increase in carbonic anhydrase VI levels among 
patients with poor oral hygiene. These enzymes can alter 
the pH of oral cavity and influence mineralization. 


Saliva contains crystal growth inhibitors like statherine 
and proline-rich peptides. They are adsorbed into the 
plaque and inhibit/retard crystal growth within the 
calculus. 

Variations in calculus: 


The presence of different phases depend on age and 
location of the calculus. There are variations in supragingival, 
subgingival, labial and lingual calculi. There is racial variation 
in the quality and quantity of calculus. These variations can 
alter the chemical and mechanical properties of calculi, 
which can further influence their removal. 


@ ACP DCPD, and OCP are more soluble. Hence, 
calculi with more soluble phases or larger crystallites 
can be removed easily. 


@ The concentration of fluoride is highest on the 
surface. The calculus fluoride profiles were classified 
into five types: 


<> 


Type L — Highest concentration on outer surface 
and reduced towards interior. 


Type J — Highest concentration on the innermost 
layer, near the tooth surface. 


Type U - High concentrations existed on both the 
surface and innermost layer; 


Type W - High concentrations were found in the 
outermost, mid and inner regions: 


> 
aN 
aN 
<> Type T - where smooth fluoride profiles existed 
in all layers of calculus 


@ Silicon rich areas can regulate in the calculus 
formation. 


Y 
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@ Osteopontin can be detected in the matrix of supra- 
and subgingival calculus. It can be derived from 
saliva and GCF. It plays a role in mineralization and 
attachment of calculus onto the tooth surface. 


@ AHigher ratio of Ca: P in subgingival calculus. 


@ Higher levels of supragingival and_ subgingival 
calculus are observed in smokers. This could be due 
to the stimulatory effect on inflammation and 
variations in GCF production that leads to increase 
in mineralization. It could also be due to ectopic 
calcification. 


@ Dental calculus could be a risk marker for mortality. 
High dental calculus scores could be associated with 
premature death from cardiac infarction. 


Detection of calculus: 


@ Clinical examination 
@ Probing 
@ Radiographs 
@ Ultrasonic resonance -Perioscan® 
@ Fiberoptic endoscopy - Perioscopy 
< It is a miniature periodontal endoscope. 


<> When inserted into the periodontal pocket, it 
shows images of the root surface, tooth surface, 
and calculus. 


<> It can be viewed, and the pictures can be directly 
saved in real time. 


<> It is not widely used due to its high cost and as it 
needs training before usage. 


@ Optical Spectrometry: 


<~ The DetectarTM-system (Ultradent, Salt Lake 
City, USA) or Detec-Tar (Dentsply Professional, 
York, PA, USA) is designed for subgingival calculus 
diagnosis by evaluating the root surfaces and 
detecting differences between calculus and the 
root surface. 


<> It has a universal base unit and a removable 
probe. 


~~ Optical fibers sense reflections of this LED 
light and convert it into an electrical signal for 
analysis. 
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<> Based on a preset algorithm, the device emits 
sound and light signal when calculus is detected. 


@ Non-invasive fluorescence imaging: 


<> It is a non-contact, non-destructive 


probing technique. 


<> It has high sensitivity and specificity 


<> Xe lamps, with filters and gratings,are used. 


<> Ultraviolet light reveals calculus as reddish- 
orange fluorescence and is better over red light 
excitation. 


@ Autofluorescence based techniques: 


<> Diode-laser-based systems emitting red light 
at 635-655nm is used to detect subgingival 
calculus whereas healthy teeth do not fluoresce. 
However, these systems are expensive, consume 
higher amounts of power and need special work 
conditions. 


<> LED-induced fluorescence spectroscopy: 


Light emitting diode (LED) radiation reflected 
from tooth surface can be used to detect 
calculus. 


They have high stability, small size and 
portability, low cost and longer lifetime. 


When blue LED is used, calculus appears 
reddish while normal teeth appear cyan in 
colour. 


<> DiagnodentTM - The InGaAsP-based red laser 
diode is used to detect calculus. 


Control of calculus formation: 


@ Formation of supragingival calculus can be controlled 


by 


<> Reducing the amount of plaque available for 
mineralization —Anti-microbial agents and various 
enzymes 


Though = chlorhexidine reduces plaque 
formation, it promotes theformation of 
supragingival calculus. 


Triclosan — non-ionic antimicrobial agent. 


<> Modifying attachment of plaque — Anti-adhesive 
agents 
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< Inhibiting / Controlling mineralization — Crystal 
growth inhibitors 


e fTartar-control - Zinc or pyrophosphatecan 
control calculus formation by increasing the 
proportion of soluble phases (ACP, DCPD) 
that facilitates easy removal. 


e Use of copolymer (Polyvinyl methyl ether 
and maleic acid) which inhibits alkaline 
phosphatase and pyrophosphatase activity. 


e Diphosphonates —-— Azacycloheptane-2,2- 
diphosphonic acid 


e Calcium lactate 
Review Questions: 


Essay Questions: 


|. Define and classify dental calculus. Discuss the 
differences between  supragingival calculus and 
subgingival calculus. 


Short notes: 
2. Mechanisms of attachment of calculus to the tooth. 
3. Fiberoptic endoscopy — Perioscopy. 
4. Controlling the calculus formation. 


5. Discuss the theories of calculus formation. 
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Chapter Outline: 


Mendelian diseases 

Complex genetic diseases 

Methods of genetic analyses 

Various methods of genetic analyses comprise 
Genetic correlation with periodontitis 
PERIODONTITIS ASSOCIATED WITH GENETIC 
DISORDERS 


Genes are molecules present inside each cell in the body. 
They are portions of DNA molecules that determine 
various characteristics of the living beings including growth, 
development, protein synthesis and survival. 


Genes exist in pairs and are arranged together as a 
chromosome. Each cell in our body has 23 pairs of 
chromosomes (46 in total). First 22 pairs are 
called autosomes, and they are similar to each other. 
The last pair is called the sex chromosome/allosome. 
A female has two X chromosomes whereas a male has 
one X and one Y chromosome. 


The set of all genes, which determine all of the traits of 
an organism, is organized as a genome. The genetic 
composition is called as genotype, and its physical expression 
is called phenotype. The Human genome contains around 
25000 different genes, and they exist in different forms or 
alleles. Alleles represent alternative DNA sequences at 
the same physical gene locus. 


The offspring usually gets one gene from each parent, 
and two alleles determine each characteristic. If they 
are identical, it is called homozygous, and if alleles are 
different, they are heterozygous in nature. If one allele is 
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SCOPE OF GENETIC RESEARCH 
REVIEW QUESTIONS 
e Essay Questions 
e Short notes 
Principal Sources and Suggested Further Reading 


enough to exhibit the characteristic, it is called dominant 
allele, and the unexpressed one is called recessive allele. 


Genetic modifications, leading to random changes in 
alleles, are called as Mutations and are rare _ in 
population level. When different alleles of a given gene 
co-exist in less than 1% of human population, they are 
referred to as genetic polymorphisms. The variations can 
exist in protein coding regions (Exons), Non-coding 
regions (Introns) and gene promoter/regulator regions 
leading to altered function of proteins, which can lead to 
disease. 


Monogenic disorders occur as a result of single 
mutated gene. Polygenic inheritance occurs when a trait is 
controlled by two or more. genes. Oligogenic 
disorders occur due to the effect of a second gene 
modifying the action of a dominant gene. 

The most common genetic polymorphism is Single 
Nucleotide Polymorphism (SNP). It is the 
alteration of a single nucleotide in the genome 
sequence. The International HapMap project studies 
DNA samples from varying populations. 

There are over 10 million SNPs in the human genome. 
The combinations of closely linked alleles observed ona 
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chromosome and inherited as a unit are called haplotypes. 
The limited number of SNPs in a region of a chromosome 
with high linkage disequilibrium are called haplotypetag 
SNPs. 


The Phenotype (Presence/ Absence of Disease) is 
determined by environment, genotype and _ biological 
interactions (Gene-Gene/Epigenetic interactions and 
Gene-Environment Interactions). Though microbial and 
environmental factors initiate and modulate the disease, 
genetic factors, that alter the inflammatory, and immune 
responses determine the predisposition and progression. 
Epigenetics searches for the missing link between genetics, 
disease and environment. Factors like microbes, smoking, 
and diet, can alter individual’s epigenome and affect gene 
activation. 


Periodontal disease is a complex, multifactorial 
disease and _ susceptibility to this disease may be 
genetically determined. Genetic variance is a major risk 
factor for many chronic diseases like Periodontitis. 
Many candidate genes have been identified in relation to 
this disease. The current understanding is that the 
interaction between the periodontopathic microbes 
and host factors lead to periodontal disease. 


Mendelian diseases: 


Diseases that follow predictable transmission are called 
Mendelian conditions, which include Autosomal Dominant, 
Autosomal Recessive or X-linked. There is an alteration in 
the single gene locus that leads to protein disruption and 
causes disease. 


When the causative’ gene is_ identified, the 
individual can be screened for presence of mutation 
and to assess the probability of disease development. 


Few syndromic forms of periodontitis, following Mendelian 
inheritance are Papillon-Lefevre syndrome, Haim-Munk 
syndrome, Ehlers-Danlos Syndrome Type IV & VIII, cyclic 
neutropenia, Chediak-Higashi syndrome and Leukocyte 
Adhesion Deficiency 


Complex genetic diseases: 


They do not follow familial transmission. Environmental 
factors play a significant role in development of these 
diseases. The hypothesis that most of the genetic risk 
for common, complex diseases is due to 
common polymorphisms at disease loci, is known as the 
Common Disease/Common Variant hypothesis. 


Y 
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It does not have a single gene correlation, but higher 
frequency of multiple, disease-associated alleles are seen 
with these complex diseases. The disease occurs because 
of the combination of multiple genes with minor effects 
(low-penetrance genes) and are therefore considered as 
disease-modifying genes. here are numerous up- and down- 
regulated genes in disease including apoptosis, angiogenesis, 
and antigen presentation, response to microbes, signal 
transduction and regulation of metabolism. 


There may be 20 such disease-modifying genes in 
periodontal disease. 


Methods of genetic analyses: 


Current research is to identify the clinical validity of these 
genetic changes with periodontal disease. Genotyping 
techniques are done for identification and quantification of 
DNA, and they include: 


¢ Designed for SNP detection by amplification of 
target DNA sequence followed by fluorescence and 
gel electrophoresis. 


¢ Copy number variation is a | kb or larger segment of 
DNA that is present in variable copy numbers. 


¢ High-throughput biochip technology to analyze larger 
amounts of SNP. 


Various methods of genetic analyses 
comprise: 


@ Familial aggregation: 


<> May result from shared genes, related 
environmental exposure to behaviors, diet, 
nutrition, exposure to pollutants and similar 
socio-economic influences. 


<> Relationship of diseases among families can be 
assessed. 


@ Pedigree analysis: 


<> Increased prevalence of aggressive periodontitis 
among female family members and transmission 
has supported the X-linked dominant pattern of 
inheritance. 


<> Autosomal recessive pattern could be proposed 
when the parents are not affected. 


<> It considers only the pedigree structure and 
disease phenotype. Hence, different inclusion 
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criteria and incorrect diagnosis can lead to 
animproper conclusion. 


@ Twin studies: 


<> Monozygous twins are genetically identical. 


<> Dizygous twins arise from two different eggs and 
two different sperms. They share only 50% of 
genes among them. 


<> The genetic variations could be correlated with 
environmental factors among twins. 





Fig. | 1.1: Shows two identical twins 
Segregation analysis: 


<> Assessment of the patterns of disease transmission 
from parents to children. 


<> The Classical method compares the observed 
proportion of affected siblings and offspring 
with the expected proportion, under a genetic 
hypothesis. 


<> The complex method compares various genetic 

and non-genetic models to determine the mode 
of transmission. The best fitting model is identified by 
the maximum-likelihood statistical analysis. It is only 
as good as the models used for comparison. 


<> Thesegregation ratio is |:2 forautosomal dominant 
and |:4 for autosomal recessive inheritance. 


<> It cannot determine the specific gene responsible 
for a disease trait. 


<> This analysis on aggressive periodontitis has 
supported a major locus hypothesis. 


@ Linkage analysis: 


<> It is used to localize the gene for a trait to a 
specific chromosomal location by gene mapping. 
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<> Based on the fact that alleles are in close proximity 
on the same chromosome and are transmitted as 
a unit from generation to generation. Such genes 
are said to be ‘linked’. 


<> It can be applied very well to Mendelian diseases 
but is difficult to validate complex diseases. 


<> Geneticists can analyze whether a specific trait 
correlates with a linkage to a known genetic 
marker and thus give a genetic basis for the 
disease. 


<> It can measure the co-transmission of disease and 
alleles of a marker locus among a family. 


<> It cannot detect modifier genes or genes with 
minor effects. 


¢ Association analysis: 


<> It is another gene mapping approach. 


<> It is a model-free, non-parametric analysis of 
weaker genes among populations or families. 


<> When a positive association is noted among 
affected people, it can be studied further to find 
the disease-susceptibility locus, its functional role 
in thedisease process. 


@ Polygenetic models: 


<> More reliable to identify susceptibility to a 
disease. 


<> It studies the interaction of common SNPs and 
the risk for developing thedisease. 


@ Family studies of periodontal pathogens: 


<> The child of a P. gingivalis colonized mother had 
4.7 times the risk of colonization than a non- 
colonized mother. The risk was 2.9 times from a 
colonized father. The highest risk was when both 
parents were colonized. 


<> Similar findings were noted for the transmission 
of T. forsythia, T. denticola, Capnocytophaga 
gingivalis, | Capnocytophaga ochracea, and 
Campylobacter rectus P. intermedia and P. nigrescens 
in children from colonized parents. 


<> Genotyping has identified similar serotypes of 
A. actinomycetamcomitans in child and its parents. 
This suggested microbe transmission among 
family members 
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Genetic correlation with periodontitis: 


¢ Aggressive periodontitis is often reported to havea 
familial occurrence and autosomal dominant pattern of 
inheritance. 


@ Monozygous twins showed similar disease patterns. 


@ Chronic periodontitis has around 50% heritability 
after adjusting behavioral variables. 


@ Periodontitis associated with syndromes are inherited 
in Mendelian pattern. 


@¢ Genome-wide association study (GWAS) has 
identified 6 loci associated with chronic periodontitis. 


@ Cytokine polymorphisms involving IL-2, IL-4, IL-6, 
IL-10, TNF-a and TNF receptor 2 has_ been 
associated with periodontitis. 


@ Receptor Polymorphisms affecting FcgRIla, FcgRIIb, 
FcgRilla, FegRillb, Gm (23) allotypes, Estrogen 
receptor-a, E-selectins, FMLP receptor, RAGE, and 
VDR are associated with periodontitis. 


@ Host response polymorphisms in VDI4, HLA-DR, 
HLA-DQ, MMP-I, TGF-b, Fibrinogen, Plasminogen 
activator inhibitor and NAT2 are associated with 
periodontitis. 


@ SNPs in chromosome locus 9p2!.3 could be correlated 
with coronary heart disease and periodontitis. 


Tablel 1-1: Periodontitis associated with genetic disorders 


IV bAssociated with genetic disorders. 
Familial and cyclic neutropenia 
Down syndrome 
Leukocyte adhesion deficiency syndromes 
Papillon-Lefevre syndrome 
Chediak-Higashi syndrome 
Histiocytosis syndromes 
Glycogen storage disease 
Infantile genetic agranulocytosis 


Cohen syndrome 


10. 
ne 
|2. 
c. Not otherwise specified (NOS) 


Ehlers-Danlos syndrome (Types IV and VIII) 
Hypophosphatasia 
Other 
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PERIODONTITIS ASSOCIATED WITH GENETIC 
DISORDERS: 


What is a syndrome? 


SYNDROME: A group of _ signs and 
symptoms of disordered function related to one 
another by means of some anatomical, physiological 
or biochemical peculiarity. Does not include a 
precise cause of illness but provides a framework for 
investigation and management. (Glossary of Periodontal terms, 


200! 
FAMILIAL AND CYCLIC NEUTROPENIA: 


Cyclic neutropenia (CN) is a rare disorder. It is 
characterized by regular’ periodic oscillation of 
peripheral neutrophil counts. The first report of cyclic 
neutropenia was in an infant by Leale in I910. Since 
then, a number of cases have been recorded. Mode of 
inheritance is autosomal dominant in the majority of 
cases. Oral mucosal ulcers, cervical lymphadenopathy, 
fever, pharyngitis and increased incidence of infections 
during neutropenic episodes. The exaggerated 
periodontal disease is seen. The features include: 
@ Gingival recession. 


@ Severe alveolar bone loss. 
@ Tooth mobility and 


¢ Tooth loss. 
DOWN SYNDROME/TRISOMY21/ 
MONGOLISM: 


¢ |1886-John Langdon Down. 


@ It is a common chromosomal aberration.(| per 600- 
700 births) 


@ Trisomy of chromosome 21/band q22. 
Oral manifestations: 

@ Macroglossia. 

@ Fissured tongue. 

@ Hypodontia. 

@ Enamel hypoplasty. 

@ Diminished salivary flow. 
Periodontal manifestations: 


@ Poor oral hygiene. 


Periodontics & Oral Implantology 


Chapter 11 
@ Gingivitis. 
@ Generalizedsevere destructive periodontal disease. 


¢ The alveolar bone loss in patients above |8 
yrs.(jjohnson and Young 1963) 


@ Periodontal pockets. 


LEUKOCYTE ADHESION DEFICIENCY 
SYNDROMES: 


@ LAD shows autosomal recessive inheritance. Patients 
have recurrent bacterial infections, diminished pus 
formation, impaired wound healing, leukocytosis, 
and irregularities of adherence-dependent leukocyte 
functions. 


Pathogenesis: 
@ Abnormal adherence functions of leukocytes. 
@ Deficiency of cell surface leukocyte adhesion 
@ Impaired inflammatory response. 
Oral manifestations: 
@ Severe gingival inflammation. 
Intense fiery red gingiva. 
Marginal gingival proliferation. 


Recession. 


4 

4 

4 

@ Gingival bleeding. 
@ Plaque accumulation. 

¢ Generalized and severe periodontitis. 
4 


Rapid horizontal and vertical Alveolar bone loss 
(primary and permanent dentitions). 


@ Premature tooth loss hasbeen reported. 
PAPILLON-LEFEVRE SYNDROME: 


@ It is an autosomal recessive disorder. 
@ Mutation in Cathepsin C gene is seen. 


@ Haim-Munk syndrome is a variant of Papillon-Lefevre 
syndrome. 


¢ Hyperkeratosis of palms and soles. 
@ Calcification of the dura. 
Periodontal findings: 


@ Severe destruction of the periodontium in both 
deciduous and permanent dentitions. 
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@ Tooth mobility. 
@ Pathologic migration. 


@ Early loss of primary and permanent teeth. 





Fig 11.2: OPG showing bone loss in multiple teeth 





Fig. 11.3 &1 1-4: Deep periodontal pockets 
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CHEDIAK-HIGASHI SYNDROME: 


It is a rare genetic disease. It is transmitted as an autosomal 
recessive trait. 


¢ Impaired poly neutrophil function. 
Partial albinism. 

Mild bleeding disorders. 
Recurrent bacterial infections. 
Severe gingivitis. 


Aggressive periodontitis. 





4 
4 
4 
4 
4 
4 


Premature tooth loss. 
Fig 11-5: Intra Oral view. 


HISTIOCYTOSIS SYNDROMES: 


These are a group of diseases affecting individuals of all 
ages. 


Oral manifestations: 


@ Punched out-necrotic ulcers with granulation tissue, 
and severe alveolar bone loss. They resemble lesions 
of necrotizing ulcerative periodontitis. 


GLYCOGEN STORAGE DISEASE: 


Glycogen storage diseases are a rare group of genetic 
disorders involving the metabolic path. 


Incidence: | in 25,000. 


Transmission: It is transmitted as an autosomal 
recessive trait. 





Fig 11.6: Plantar Keratosis 





Pathogenesis: It is caused by a defect in the microsomal 
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Clinical features: 








@ Hypoglycemia, 
@ Hyperlipidemia, 
@ Hepatomegaly. 
@ Short Stature, “doll’s face,” 


@ Neutropenia and neutrophil dysfunction, and 
recurrent infections. 


Ais 


Oral manifestations: 
Fig 4.6: Palmar keratosis spreading to the dorsal side. 


Fig: 1 1-2 to 11-6 show a case of Papillon-Lefévre @ Gingivitis 
syndrome.(courtesy Dr. $.Begum) @ Periodontitis 
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@ Recurrent ulcers. The ulcers are present as 
painful discrete or multiple, deep, irregular, recurrent 
lesions a few millimeters to several centimeters 


in size, usually covered by — whitish 
pseudomembranes. 
INFANTILE GENETIC AGRANULOCYTOSIS: 


It is a rare autosomal recessive disorder characterized by 
neutropenia. It is associated with aggressive periodontitis. 


COHEN SYNDROME: 


It is a rare autosomal recessive disorder. General findings 
are obesity, mental retardation, and neutropenia. Extensive 
alveolar bone loss and periodontal destruction are seen. 


EHLERS-DANLOS SYNDROME (TYPES IV AND 
VIII): 


Ehlers-Danlos syndrome (EDS) is an uncommon hereditary 
collagen disease presenting primarily as dermatological and 
joint disorders 


@ It is also called as a floppyjoint syndrome. Other 


names such as Indian rubber man/ (elastic man/ 
woman) have all been used. 


@ General features are 
hyperelasticity, dystrophic 
tendency to bleed. 


joint hypermobility, skin 
scars and _ excessive 


Oral and periodontal manifestations: 


5 


Gorlin’s sign: Tongue may touch the tip of the nose. 
Fragility of oral mucosa. 
Pulp stones. 


4 
4 
¢ Dilacerated/short roots. 
@ Hypoplastic enamel. 

4 


Severe Generalized periodontitis with consequent 
tooth loss (esp with EDS types IV and VIII) 


HYPOPHOSPHATASIA: 


Hypophosphatasia is an inborn error of metabolism 
characterized by deficient alkaline phosphatase in serum 
and bone, resulting in the defective formation of bone and 
cementum. It may have an autosomal dominant mode of 
transmission. 


Periodontal manifestations: 


@ Premature loss of teeth may be the only finding. 


Periodontics & Oral Implantology 


Role of Genetics in Periodontal Health and Diseases ) 


@ No gingival inflammation. 

@ Severe lossof alveolar bone. 

@ Absence of cementum/hypoplastic cementum. 

@ Radiographic findings; Teeth appear shell shaped. 
Laboratory findings: 

@ Decreased serum alkaline phosphatase. 

@ Increased serum phosphatase. 


@ Increased urine phosphoethanolamine. 
Lazy-Leukocyte Syndrome: 


It is a rare disorder. 
Qualitative and quantitative defects in neutrophil: 
a. Neutropenia. 
b. Altered inflammatory response. 
c. Defective Chemotactic response by neutrophils. 
Systemic signs and symptoms are: 
a. Cough 
b. Pneumonia 
c. Fever 
d. Purulent skin infection. 
Oral manifestations are 
a. Gingivitis. 
b. Aggressive periodontitis. 
c. Stomatitis. 
NOT OTHERWISE SPECIFIED: 


As newer investigations demonstrate the effect of systemic 
diseases on the health of periodontal tissue and periodontal 
disease progression, it is expected that other diseases will 
eventually be added. 
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Table 11.2: Genes involved in syndrome-associated periodontitis: 


Phenotype MIM 
taal Clinical presentation Genetic information Features 
number 


Down’s syndrome or Extra genetic material on 190685 Severe periodontal disease 
Trisomy 21 ZC 

2.  Papillon-Lefevre syndrome Cathepsin-C (CTSC) gene 245000 Severe periodontal disease 

on Chromosome |1q1!4.2 

3. Haim-Munk syndrome CTSC gene on I1q1/4.2 245010 Variant of Papillon-Lefevre 

syndrome 
Severe periodontal disease 

4. Chediak-Higashi syndrome Autosomal recessive trait 214500 Aggressive periodontitis 

1q42.3 

5. juvenile Periodontitis | 1ql4.2, CTSC gene muta- | 70650 Localized aggressive periodon- 

tion titis 

6. Aggressive periodontitis 1q25 608526 Localized aggressive periodon- 

titis 

7. Leukocyte adhesion defi- | Autosomal recessive trait 116920 Generalized, severe periodon- 
ciency syndrome (LADS) — ITGB2 gene on 21q22.3 titis 
Type | 

8. Leukocyte adhesion defi- | Autosomal recessive trait 612840 Generalized, severe periodon- 
ciency syndrome (LADS) KINDLIN3 gene on titis 
Type Ill LIql3.| 

9. Gingival fibromatosis SOS (Son of Sevenless) | 135300 Hereditary gingival fibromato- 
(GINGFI) gene mutation 2p22. | sis 

10. Gingival fibromatosis 5q|3-q22 605544 Hereditary gingival fibromatosis 
(GINGF2) 

Il. Gingival fibromatosis 2p23.2-p22.3 609955 Hereditary gingival fibromatosis 
(GINGF3) 

[2. Gingival fibromatosis II pI5 611010 Hereditary gingival fibromatosis 
(GINGF4) 

[3. Amelogenesis imperfecta Autosomal recessive 614253 Hereditary Gingival fibromato- 
and gingival fibromatosis FAM20A gene on |7q24.2 sis with hypoplastic amelogen- 
syndrome (AIGFS) esis imperfecta 

14. Glycogen storage diseases Homozygous or heterozy- ; Punched out ulcers resembling 

gous mutations necrotizing ulcerative perio- 
dontitis 

15. Cyclic neutropenia Gene encoding neutrophil 162800 Severe periodontal disease 


elastase (ELANE gene) on 
I9p 13.3 
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Phenotype MIM 
cS Clinical presentation Genetic information Features 
number 


20. 


Ale 


Jape 


23: 


24. 


25. 


Ehler-Danlos syndrome 
Type IV 


Ehler-Danlos syndrome 
Type VIII 


Cohen syndrome 
Autosomal recessive 


Odontohypophosphatasia 


Infantile genetic agranulo- 
cytosis/ Kostmann disease 


Cowden’s syndrome 


Zimmerman- 
Laband syndrome 


Murray-Purelie Drescher 
syndrome/ Hyaline fibro- 
matosis syndrome 


Jones syndrome 


Cross syndrome 


Type Ill collagen (COL3AI 
gene) on 2q32.2 


I2p13 


COHI gene (VPSI3B) on 
8q22.2 


Autosomal dominant 
Tissue Non-specific alka- 
line phosphatase (ALPL) 
on |p36.12 


Autosomal recessive 
HAXI gene on Iq21.3 


PTEN gene/ SDHD gene 


3p 14.3 


4q21.21 


e - MIM = Mendelian Inheritance in Man 


130050 


| 30080 


216550 


146300 


610738 


135500 


228600 


135550 
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Severe, generalized periodon- 
titis 


Severe gingival recession and 
generalized periodontitis with 
premature loss of teeth. 
Neutropenia with extensive 
alveolar bone loss 


Premature loss of teeth 


Infant usually dies at young age 
due to complete neutropenia. 
Aggressive periodontitis 


Multiple hamartomas, Heredi- 
tary gingival fibromatosis 


Defects of bone, nail, ear, nose, 
and splenomegaly 
Hereditary gingivalfibromatosis 


Multiple, dental hyaline tumors 


Sensori-neural deafness, He- 
reditary gingival fibromatosis 


Hypopigmentation with 
athetosis, Hereditary gingival 
fibromatosis 
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SNPs AND PERIODONTAL DISEASES: 


feted eae Chromosomal loci Association/ Effect 


OR So Raa ra ! 


2 


10. 
II. 
lye 


3 


14. 


MMP- | | 1q22 
IL-10 lq31-32 
IL-| 2q1 3-21 
OPG 8q 
Not identified 9p21.3 
COX-2 1q25.2-25.3 
S100 gene cluster lq2| 
FeyR |q23-24 
Complement- C5 9q34. | 
TLR-2 4q32 
TLR-4 9q32-22 
CD-14 5q21-23 
VDR [2qI2-14 
TNF-a 6p21.3 


SCOPE OF GENETIC RESEARCH: 


4 


fio) 


Genotype and allelic variations are numerous among 
different ethnic groups. Thus, SNPs strongly associated 
with disease in one ethnic group may irrelevant in 
other groups. 


Genome Wide Association studies can identify new 
or unanticipated susceptibility foci for periodontal 
disease. 


Haplotype analysis can help in identifying disease 
susceptibility. 


Genetic profiling will help to identify the causative 
genetic polymorphisms for periodontal 
which could be used as diagnostic, prognostic, and 
therapeutic biomarkers. 


These genetic markers could be used to screen 
susceptible individuals and plan intervention strategies 
to avoid periodontal disease. 


Disease biomarkers in saliva could be used as a 
diagnostic tool to assess oral and systemic health. 


disease, 
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Periodontitis 


Induce periodontitis 


Associated with Peri-implantitis 

Correlated with coronary heart disease and periodontitis 
Increases susceptibility to inflammatory diseases. 
Associated with aggressive periodontitis 

Alters susceptibility for chronic periodontitis 

More prevalent in periodontitis 


Modifies host response to Gram-negative bacteria 


Alter the immune response to pathogens and induce 
severe periodontal disease. 


Increase susceptibility to bone loss in periodontitis by 
affecting bone metabolism and immune functions. 


Amplifies inflammatory response. 


REVIEW QUESTIONS: 


Essay Questions: 


|. Discuss the role of genetic influence in the etiology 
of periodontal diseases. 


Short notes: 
2. 
3. 
4. 
5. 


Papillon-lefevre syndrome. 
Chediak-Higashi syndrome 
Leukocyte Adhesion Deficiency Syndromes. 


Linkage analysis. 


Principal Sources and Suggested Further 
Reading: 


@ Begum S, Peeran SW Papillon Lefevre Syndrome-An 
Atypical Late Onset Presentation. Case reports in 
odontology 2015; 2:1: 7-11 


@ Brahmankar R. S. Rathod, A. Kolte. Syndromes 
associated with aggressive periodontitis. Clinical 
Dentistry, September 2013; 10-16. 


¢ http://www.omim.org/entry (accessed in Feb 2015) 
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Karthikeyan R, Peeran SV, Murugan M, Awidat 
K, Basheer O, AI Mugrabi MH. — Single 
Nucleotide Polymorphisms (SNPs) and Periodontitis 
- A Review. Dent Med Res 2014; 


Kinane DF Shiba H, Hart TC. The genetic basis of 
periodontitis. Periodontology 2000. 2005; 39: 91-117. 


Laine ML, Cielaard W, Loos BG. Genetic susceptibility 
to Periodontitis. Periodontology 2000. 2012; 58: 
37-68. 

Meng H, Ren X, Tian Y, Feng X, Xu L, Zhang L, Lu R, 
Shi D, Chen Z. Genetic study of families affected with 


aggressive periodontitis. Periodontology 2000. 201 1; 
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|O/e, 2006, Saunders, St Louis, Missouri. 
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¢ THE BASIC CONCEPTS OF IMMUNOLOGY AND ® Host modulatory Therapy 
INFLAMMATION e Cytokine therapy 
° IMMUNE SYSTEM-THE PROTECTIVE CASTLE: e Biomarkers 
e CELLS OF IMMUNITY e Future challenges 
¢ MMPs and TIMP in periodontal disease e Reactive oxygen species (ROS) and antioxidants in periodontitis. 
¢ ROLE OF COMPLEMENTS. e Review Questions. 
@ 


¢ Cytokines and their role in periodontal disease. Principal Sources and Suggested Further Reading. 
The various microbes responsible for periodontitis The primary defence includes: 
have been discussed earlier. This chapter, explains the 
characteristics of host’s immune response that influences 
the colonization, survival and tissue invasion of these ¢ Lymphocyte-macrophage system 
bacteria resulting in various stages of periodontal disease @ Immune-regulatory system 
Table 12.1: Tissue/ Cells, Inflammatory mediators and their role in periodontal disease. 


Tissue/ Cells involved Role in periodontal disease Inflammatory mediators 


Neutrophils Bactericidal ¢ IgG antibodies 


@ Neutrophil-antibody-complement system 


¢ Complements —C3 


¢ Secrete extracellular enzymes and reactive 
oxygen species 


T and B lymphocytes Tissue destruction Lymphokines 

Macrophages Tissue destruction Secrete enzymes and reactive oxygen species 

Monocytes Immune regulation 

T-helper and T-suppressor cells Immune regulation Lymphokines, Interleukins, and other suppres- 
sor molecules 

Langerhans cells Immune regulation Soluble factors, MHC-products 

Mucosal-associated lymphoid Reduce bacterial colonization Secretory IgA antibodies 

tissue (MALT) and Local IgA on surfaces 

plasma cells 
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@ Microbes can be killed at 
< The site of initial colonization 
<> Complement dependant cytolysis 
<> Complement-antibody mediated cytolysis 
<> Phagocytosis by neutrophils is the most effective. 


THE BASIC CONCEPTS OF IMMUNOLOGY AND 
INFLAMMATION: 


Immunology is the study of reaction of the components 
of the immune system to antigenic stimulation. 
INFLAMMATION: A localized protective 
response elicited by proximate microbes and/or tissue 
injury, which serves to destroy, dilute, or wall off both 
the injurious agent and the injured tissue. A cellular 
and vascular reaction of tissues to injury. (Glossary of 
Periodontal terms, 2001) 

Inflammationis the cellular and vascular response or 
reaction to injury. It is a protective response to injury 
and helps rid the body of the cause and consequence of 
injury. Inflammation may be caused by _ trauma, 
pathogens, allergens,etc. Inflammation is characterized by 
vasodilation, increased capillary permeability, oedema and 
migration of leukocytes. The five cardinal signs of 
inflammation are 


a. Rubor: redness 

b. Tumor: swelling 

c. Calor: heat 

d. Dolor: pain 

e. Functio laesia: loss of function. 


When there is a transition from health to early inflammation, 
there is recruitment and activation of PMNs with 
release of bradykinin and prostaglandins (vasodilatation), 
histamines and leukotrienes (vascular permeability) along 
with chemokines and complements (chemotaxis and 
recruitment of other inflammatory cells). It is followed 
by antigen-presenting cells interacting with T-lymphocytes 
leading to formation of antibody-secreting plasma cells. 


Emigration is the movement of leukocytes 
through the _ walls of the blood vessels. 
DIAPEDESIS: The outward passage of cells 
through intact blood vessels. (Glossary of Periodontal 
terms, 2001) 


Y 
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CHEMOTAXIS: The migration of cells along a 
concentration gradient of an attractant. (Glossary of 
Periodontal terms,2001). It is the process that allows 
the neutrophils to migrate towards the site of infection 
or inflammation is chemotaxis. This process of cellular 
locomotion is directed by a _ gradient of soluble 
messengers (chemotaxins). | Chemotaxins — include 
components such as complement fragments (C5a), 
leukotrine B4 (secreted by mast cells, neutrophils and 


macrophages), bacterial products 
(lipopolysaccharide-N-formyl-methionyl peptides), 
chemokines, and factors released on __ tissue 
destruction. The chemotactic receptors on_ the 


neutrophils belong to the G-protein coupled family. 
Chemokines are small peptide cytokines, first 
recognised for their role as chemoattractants. 


Phagocytosis: 


PHAGOCYTOSIS: The process of cellular ingestion 
and digestion of solid or semi-solid substances, such 
as other cells, bacteria, bits of necrosed tissue, and 
foreign particles. (Glossary of Periodontal terms, 2001). 
It is the process by which the phagocytes ingest particles 
of a size visible to microscope. Neutrophils, monocytes, 
and macrophages are phagocytes. Phagocytosis is a 
specific form of endocytosis involving the vesicular 
internalization of solid particles, such as_ bacteria. 
Neutrophils can phagocytize and kill many micro- 
organisms at once. 


Degradation of ingested bacteria can be oxygen-dependent 
or oxygen-independent. 


Oxygen dependent degradation depends on NADPH 
and the production of reactive oxygen species like 
toxic superoxide anion (O2%*). Hydrogen peroxide 
(H202) and myeloperoxidase system which leads to the 
destruction of bacteria. In aerobic conditions, the 
neutrophils produce hypochlorous acid, hydrogen 
peroxide and chloramines as antibacterial agents. 


Oxygen-independent degradation depends on the 
release of azurophilic granules, containing 
proteolytic enzymes like acid hydrolases, defensins, 
lysozyme and cationic proteins. Other antimicrobial 
peptides including lactoferrin which sequesters iron and 
prevents bacterial growth. 
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IMMUNE SYSTEM-THE PROTECTIVE CASTLE: 


IMMUNITY: All mechanisms used by the body as 
protection against environmental agents that are 
foreign to the body.(Glossary of Periodontal terms,2001). 
It is the condition of an organism whereby it 
successfully resists or is not susceptible to injury or 
infection. It is defined as resistance to infectious disease. 


INNATE IMMUNITY/natural immunity: It is the 
inherited ability to remain resistant to, or unaffected by a 
specific disease. The innate immunity _ provides 
immediate defense against infection. 


The functions of innate immunity are 


@ Recruiting immune cells to sites of infection and 
inflammation, through the production of chemical 
mediators (cytokines). CYTOKINES: A large 


group of proteins made by cells that are capable of 


regulating a wide variety of cellular functions. 
( Glossary of Periodontal terms, 2001) 


¢ Activation of the complement cascade to identify 
bacteria, active cells and to promote clearance of 
dead cells. 


@ The identification and removal of foreign substances 
present in organs, tissues, the blood, and lymph, by 
specialized white blood cells. 


¢ Activation of the adaptive immune system through a 
process known as antigen presentation. 


SPECIFIC IMMUNITY: Acquired (adaptive or specific) 
immunity is not present at birth. It is learned. As a person’s 
immune system encounters foreign substances (antigens), 
the components of acquired immunity learn the best way to 
attack each antigen and begin to develop a memory for that 
antigen. Acquired immunity is also called specific immunity 
because it tailors its attack to a specific antigen previously 
encountered. Its hallmarks are its ability to learn, adapt, 
and remember. Acquired immunity takes time to develop 
after initial exposure to a new antigen. However, because a 
memory is formed, subsequent responses to a previously 
encountered antigen are more effective and more rapid 
than those generated by innate immunity. 


Lymphocytes are the type of white blood cell responsible 
for acquired immunity. Typically, an acquired immune 
response begins when antibodies, produced by B cells 
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(B lymphocytes), encounter anantigen. Dendritic cells, 
cytokines, and the complement system (which enhances 
the effectiveness of antibodies) are also involved. 


HUMORAL IMMUNITY: It refers to antibody 
production, and the accessory processes that accompany 
it. (humor: cell free body fluid or serum). 


CELL-MEDIATED IMMUNITY/cellular immunity 
is an immune response that involves the activation of 
macrophages, natural killer (NK) cells, antigen-specific 
cytotoxic T lymphocytes and the release of various 
cytokines in response to an antigen. 


Cellular immunity protects the body by 


|. Activating antigen-specific cytotoxic T-lymphocytes 
that can induce apoptosis in body cells (virus infected 
cells, cells with intracellular bacteria, cancer cells). 


2. Activating macrophages and natural killer cells, 
enabling them to destroy intracellular pathogens; 
and 


3. Stimulating cells to secrete a variety of cytokines 
that influence the function of other cells involved 
in adaptive immune responses and innate immune 
responses. 


Immediate immune response: 


There is a third phase of immune response — Immediate 
phase — that fills the gap between innate and adaptive 
phases. It is also composed of both T and B-cells. In this 
phase, B-cells do not require T-cell help for activation and 
differentiation into plasma cells. It is a rapid response, as it 
does not have affinity maturation. 
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Table 12.2: Components of innate and adaptive immunity 


Innate immunity Adaptive immunity 


Physical barrier by junctional epithelium 


Gingival crevicular fluid 
Basement membrane 
Fibroblasts 

Neutrophils — Primary defense 
Antimicrobial peptides 
Complements 
Monocytes/Macrophages 


Mast cells 


CELLS OF IMMUNITY: 


NEUTROPHILS(Polymorphonuclear lymphocyte/ 
Neutrophil Granulocytes): NEUTROPHIL: The 
predominant polymorphonuclear leukocyte comprising up 
to /0% of the peripheral white blood cells. It is important in 
infection and injury repair, and may have impaired 
function in some forms of early onset periodontitis. 
(Glossary of Periodontal terms, 2001) 


They are the most important component of acute defense. 
They are derived from haemopoietic cells of bone marrow 
and are characterized by multilobed nucleus. They are the 
hallmark of acute inflammation. 


Neutrophils have an average diameter of |2-I5um in 
peripheral blood smear. They are the most abundant of 
the white blood cells. They account for approximately /0% 
of leukocytes. They are about 4000-8000 cells /mm?. They 
have a life span of 2-3 days. They possess receptors for the 
Complements |, 3, 4 and IgG antibody FcyR. 


They contain, 


@ Primary granules or Azurophilic granules — 
Myeloperoxidase, Bacterial permeability increasing 
protein, Defensins, Serine proteases, Cathepsin G 


@ Secondary granules or Specific granules — Alkaline 
phosphatase, Lactoferrin, and Cathelicidin 


@ Tertiary granules — Cathepsin and Gelatinase 
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Antigen presenting cells — MHC-I, -II 


ThI cells 

Th2 cells 

B cells 

Plasma cells 

Migration of junctional epithelium 
Release of cytokines 


Activation of osteoclasts and bone loss 


FUNCTIONS: 


The prime functions of the neutrophils are 
@ Adherence 


¢ Trans-endothelial 
migration. 


migration and_ Transepithelial 


¢ Chemotaxis. 
@ Phagocytosis: Intra — phagolysosomal killing. 
@ Extra phagolysosomal/ nonphagocytic killing: 


<> Release of microbicidal enzymes and arachidonic 
acid metabolites. 


<> Synthesis of oxygen metabolites 


Neutrophils are essential for periodontal health. Defective 
chemotaxis of neutrophils and monocytes are related to 
severe periodontal disease. Any quantitative or qualitative 
defect in neutrophils increases the susceptibility for 
periodontal disease and destruction. Reduction in the 
number of neutrophils (e.g., cyclic neutropenia), defective 
neutrophil functions (e.g., leukocyte adhesion deficiency, 
Papillion lefevre syndrome, lazy leukocyte syndrome and 
Chediak-Higashi syndrome) and impaired neutrophil 
functions (e.g., chronic granulomatosis, Diabetes, Down's 
syndrome) are all associated with periodontal disease. 
Various forms of aggressive periodontitis have been shown 
to be strongly associated with defects in neutrophils/ 
granulocytes. 
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Neutrophils are also responsible for the destruction of 
periodontal tissues in diseased states. It is due to high levels 
of lysosomal enzymes like neutrophil elastase, generation 
of superoxides and reactive oxygen derivatives. Higher 
levels of elastase could be detected in GCF and could be 
an indicator for the severity of inflammation at individual 
sites. 


Histamine is a vasoactive amine produced by histidine 
decarboxylase expressed on neutrophils, macrophages, and 
gingival fibroblasts. It enhances IL-8 and PGE2 production 
contributing to inflammation. It can also increase the 
number and Receptor activator of nuclear factor kappa-B 
ligand (RANKL) expression of osteoclasts leading to bone 
resorption. Salivary histamine levels could be a 
predictive factor to determine the onset of periodontal 
disease and correlated with severity. 


Protease-activated receptors (PARs) mediate response 
to thrombin and trypsin-like serine proteases. They 
are expressed in neutrophils, gingival fibroblasts, and 
osteoblasts. 


Lysosomal cysteine proteinases — Cathepsins and their 
inhibitors — Cystatins play an important role in periodontal 
disease. Periodontal microbes and _ pro-inflammatory 
cytokines stimulate release of cystatins, and their levels 
increase from health to periodontitis. 


Protease inhibitors are secreted by epithelial cells to protect 
tissue damage. It includes Secretory Leukocyte Protease 
Inhibitor (SLPI), Elastase-Specific Inhibitor (ELAFIN), Skin- 
derived Anti-Leuko Proteinase (SKALP), Squamous Cell 
Carcinoma Antigen (SCCA) and Serine Protease Inhibitors 
(SERPINS). Their levels are decreased in periodontitis. 


Arachidonic acid (AA) metabolites include prostaglandins, 
prostacycline, and thromboxane. They are released 
from damaged plasma membranes of cells by action of 
Phospholipase A2 in Cyclo-oxygenase and Lipoxygenase 
pathways. Elevated levels of PGE2 and other AA metabolites 
are seen in GCF and inflamed periodontal tissues. 


Dendritic cells: 


They consist of a family of potent, antigen-capture and 
antigen-presenting cells that are present in mucosa, skin 
and other organs of the body. They play a role in host 
defence against foreign particles including microbes. They 
migrate towards the microbes and also towards lymphoid 
organs to activate the adaptive immunity. They maintain 
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tissue homeostasis by protecting commensals and protect 
against self-antigens. They can migrate in an immature state 
to lymphoid organs and induce tolerance and regulatory T 
cells. They are rarely present in the alveolar bone proper 
or adjacent stroma. 


Immune surveillance: 


It is the interaction between patrolling immune cells from 
peripheral tissues like oral mucosa into secondary lymphoid 
organs. Chemokines and its receptors regulate the pattern 
of lymphoid/myeloid sub-populations. They can locate 
naive T and B cells to activate them and initiate adaptive 
immunity. They can also restimulate previously activated T 
& B cells from peripheral tissues. 


MIP-3ca, MIP-3B and its receptors CCR6, CCR7 lead to 
dendritic cell influx into tissues. Immature dendritic cells 
show high levels of CCR6 and mature cells show high levels 
of CCR/7. Langerhans cells and T cells express CCR6 that 
help in mucosal recruitment by MIP-3a. 


Dendritic cell precursors are also recruited by Thymus 
and activation-regulated cytokine along with macrophage- 
derived cytokine that are ligands for CCR4. It helps in the 
local migration of Th2 cells as seen in periodontitis. 


Immature dendritic cells are activated by pathogen- 
associated molecules like lipopolysaccharide and then 
secrete other chemokines like IL-8, a growth-related 
oncogene that recruit PMNs, activated T cells, NK cells, 
and dendritic cells. 


Exposure to cytokines IL-1 2 and IL-23 lead to Th! response 
while IL-10 favours Th2 response. TGF-B favours immune 
suppression. 


Failure of migration or maturation of dendritic cells 
or ability to induce Th2 response leads to tolerance. 
P. gingivalis acts like a wolf in sheep’s clothing, appearing 
as a host commensal and escapes immunity as its 
lipopolysaccharide induces IL-10 but not IL-|2 to suppress 
dendritic cell maturation. 


After the migration of dendritic cells, monocyte precursors 
migrate from the blood stream and bone marrow. CCR2 
recruits monocytes from bone marrow and is a precursor 
for Langerhans cells in tissues. 


Homing of both cellular and humoral immune cells is more 
pronounced in diseased periodontal tissues, and local 
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proliferation is of aminor role. There is a shift from T-cell 
to B-cell predominance when the disease progressed from 
gingivitis to periodontitis. 


Pattern recognition: 


Toll-like receptors (TLR) on dendritic cells and macrophages 
serve as transmembrane receptors that _ translate 
information about the pathogen or commensal through 
NF-«B signalling. TLR recognize bacterial peptidoglycans, 
lipoproteins, Lipopolysaccharides (LPS) and Lipoteichoic 
acids (LTAs). 


NACHT-LRR proteins or NODs in dendritic cells also 
help in recognition of pathogens. NOD I, NOD2 recognize 
muropeptides of gram-negative and _ gram-positive 
bacteria. 


C-type Lectin receptors expressed on dendritic cells 
(CD209), Langerhans cells (Langerin, CD207) and tissue 
macrophages (CD206) interact with various pathogens. 
Some bacterial specifically target these receptors to escape 
immunity. 


Dermal dendrocytes (Histiocytes): 


HISTIOCYTE: A large phagocyte (macrophage) present 
in connective tissue that has important antigen processing, 
immunoregulatory, and phagocytic properties. (Glossary of 
Periodontal terms, 2001) 


Dermal dendrocytes represent a population of resident 
cells of the dermis identified recently by virtue of the 
immunohistochemical expression of the coagulation factor 
Xllla (fXllla). Dermal dendrocytes could act as macrophages, 
antigen-presenting cells or participate in the homeostasis 
of macromolecules. These cells also can express matrix 
metalloproteinases. 


MAST CELLS/ MASTOCYTE: 


It is a resident cell of several types of connective tissues 
and contains many granules rich in histamine and heparin. 
Mast cells are of two types, mucosal mast cells, and the 
connective tissue mast cells. Mast cells play a prime role in 
the inflammatory process. Higher values of IgE antibodies 
are noted in periodontal disease resulting in a passive 
cutaneous anaphylaxis-like reaction to sub-gingival plaque. 
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BASOPHIL: A — granular leukocyte containing 
vascular amines such as_ histamine and_ serotonin. 


(Glossary of Periodontal terms,2001 ) 


Basophils in gingivitis released more histamine than during 
health. There could be increased sensitivity to histamine 
released after plaque exposure. 


EOSINOPHILS: 


Eosinophils fight parasites and contribute to allergic 
reactions. They are easily recognized by the bright pink 
Staining granules in their cytoplasm. Normally, there are 
only a few eosinophils found in the peripheral circulatory. 
They account for only |-3% of all leukocytes. The life span 
of a typical eosinophil in the blood is about 6-12 hours. 
Eosinophils are known to attach to large parasites and 
release substances from their granules that damage or kill 
the parasite. Because eosinophils kill pathogens, they are 
classified as cytotoxic cells. Eosinophils also participate 
in allergic reactions, by contributing to inflammation and 
tissue damage by releasing toxic enzymes. 


MONOCYTES: 


MONOCYTE: A __ blood-borne’ precursor’ of 
tissue macrophages. (Glossary of Periodontal terms, 2001) 


Monocytes are large mononuclear phagocytes of the 
peripheral blood. They are the immature stage of the 
macrophage. Monocytes vary considerably, ranging in size 
from10 to 30 um in diameter. The nucleus to cytoplasm ratio 
ranges from 2: to I:1. The nucleus is often band shaped 
(Horseshoe), or reniform (kidney-shaped). It may fold over 
on top of itself, thus showing brain-like convolutions. No 
nucleoli are visible. The cytoplasm is abundant and blue 
grey with many fine azurophilic granules, giving a ground 
glass appearance. Vacuoles may be present. 


MACROPHAGES: 


A phagocytic mononuclear cell derived from bone 
marrow monocytes and found in tissues and at the site 
of inflammation. Macrophages serve an accessory role in 
cellular immunity. Functions of monocytes/macrophages 
are 


@ Phagocytosis. 


@ Pinocytosis. 
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@ Processing antigen and its presentation. 


@ Production and secretion of various biologically active 
substances: 


<> Enzymes: lysosomal enzymes. 

<> Cytokines such as IL-1, interferon. 
<> Prostaglandin. 

<> Complement. 
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LYMPHOCYTES: 


LYMPHOCYTE: A spherical cell of the lymphoid series, 7 
to 20 um in diameter with a large, round nucleus and scant 
cytoplasm. It is the principal cell involved in the immune 
response. There are two major populations, I- (or thymus- 
dependent) lymphocytes and B- (or bursa-equivalent) 
lymphocytes. Blymphocytes may differentiate and become 
antibody-producing plasma cells, while T-lymphocytes 
are involved in a variety of cell-mediated immune 
reactions. (Glossary of Periodontal terms, 2001) 


They contain a nucleus with densely packed chromatin 
and a small rim of cytoplasm. They include the T-cells and 
B-cells, which have primary roles in adaptive immunity. 


Helper T cells 


Cytotoxic T cells 
Regulatory T cells 
Delayed T cells 


B-| cells/ 
Unconventional 
B-lineage cells 





B-2 cells/ 
Conventional B 
cells 


Fig. 12.1 Types of Lymphocytes 


T CELLS/T-LYMPHOCY TES: 


A thymus-derived cell that participates in a variety of 
cell-mediated immune reactions. T cells are produced in 
the thymus. There, they learn how to distinguish self from 
non-self. Only the T cells that ignore self-antigen molecules 
are allowed to mature and leave the thymus. Without this 
training process, T cells could attack the body’s cells and 
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tissues. They have a size varying from 6-7um and are |Oum 
when activated. 


Mature T cells are stored in secondary lymphoid organs 
(lymph nodes, spleen, tonsils, appendix, and Peyer's 
patches in the small intestine). These cells circulate in the 
bloodstream and the lymphatic system. After they first 
encounter a foreign or abnormal cell, they are activated 
and search for those particular cells. 
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There are different types of T cells. T helper and T 
suppressor cells help to regulate the immune response by 
release of cytokines. Cytotoxic T cells kill other cells by 
cell-cell interactions. 


Helper T cells/ Th cells: 


Since they initiate immune response and induce activity of 
other immune cells, they are called as T-Helper cells. 


They express CD4 receptor and constitute 60-65% of 
mature T cells. 


Some help B cells produce antibodies against foreign 
antigens. Some regulate the function of B-cells. Others 
activate killer T cells to kill foreign or abnormal cells or 
activate macrophages enabling them to ingest foreign or 
abnormal cells more efficiently. 


T helper cells are classified as T helper type | phenotype 
and T helper type 2 phenotype. They support the clonal 
expansion of their specific secretor cells and inhibit the 
functions of other types. IL-|!Ra and IL-12 regulate the 
innate and adaptive immune response. 


@ T-helper type | (ThI) phenotype act against pathogens 
by activating macrophages. They produce IL-2, IFN-y, 
and TNF-B. They down regulate B-cell development 
and function. They support lg isotype switching to 
lgG2a. 


¢ I-helper type 2 (Th2) phenotype induces antibody 
production in B cells. They produce IL-4, -5, -10 and 
-|3. They upregulate B-cell activity, support antibody 
production and promote IgG switching to IgGl. 


Cytotoxic T cells/ Tc cells: 


They are also called Cytotoxic T lymphocyte, T-killer cell, 
Cytolytic T-cell, Killer T cell. They play a major role in cell- 
mediated immunity. 


They express CD8 protein and are associated with MHC- 
Class |. They constitute 30-35% of T-cells. 


They can destroy virally infected cells, tumor cells and tissue 
grafts. Their activation leads to direct killing of the target 
cell by inducing apoptosis, released cytotoxic granules and 
lymphokines. 


They attach to particular foreign or abnormal cells because 
they have encountered them before. Killer T cells may kill 
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these cells by making holes in their cell membrane and 
injecting enzymes into the cells or by binding with certain 
sites on their surface called death receptors. This binding 
triggers reactions within the foreign or abnormal cell that 
lead to death. 


Regulatory T cells/ Suppressor T cells/ Ts 
cells: 


They constitute 5-10% of circulating T-cell population. They 
produce substances that help end the immune response 
or sometimes prevent certain harmful responses from 
occurring. They maintain immunological tolerance. They 
suppress the B-cell differentiation into plasma cells. 


There are two groups of cells — Natural and Induced/ 
Adaptive. 


@ Natural Ts- CD4+, CD25+, CTLA-4+ and FoxP3+ T 
cells are derived directly from Thymus. 


@ Inducible Ts—these cells are generated in the periphery 
by a low dose of antigens Antigen-presenting cells, 
IL-4,-10 & -|7, TGF-B and RANKL. They are of two 


types, 
< Trl cells produce high levels of IL-5, -10, TGF-B, 
and no IL-4. 


<> Th3 cells produce TGF-B and IL-1 inhibitor. 


@ DelayedT cells or TD cells: They are probably Th! cells 
producing a delayed-type hypersensitivity reaction. 
They are responsible for activation of macrophages 
and non-specific inflammatory cells. 


@ ThlI7 cells: These cells release IL-|7 and responsible 
for auto-immune diseases. The transcription factor 
retinoid-related orphan receptor yt (ROR yt) and 
its human homologue RORC2 is a specific marker of 
ThI7 cells. 


They mediate inflammation by stimulating production 
of inflammatory cytokines like IL-1 B, IL-6, and TNF-a. 
They promote recruitment of neutrophils and 
macrophages. They amplify immune response and 
ageravate periodontitis. 


Malfunction of T-cells can result in an autoimmune 
disorder, in which the body attacks its own tissues 
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Functions of T-cells: 


a. Immune regulation: They regulate the extent and 
quality of immune reaction. 


b. Help in antibody production. 
c. Activate phagocytes. 
d. Recognise antigens. 


e. Recognise and destroy virally infected cells. 
T-cells in periodontal disease: 


@ In early lesion/4-6 days of plaque accumulation in 
experimental gingivitis, T cell /macrophage-dominated 
cellular infiltrate is seen. 


@ The total number of T-cells is less than B-cells in 
periodontitis of which, Th2 cells are predominant 
than ThI cells. 


¢ Ts cells participate in periodontal disease. 
B CELLS: 


B-cells play a vital role in humoral immunity. The main 
function of B-cells is immunoglobulin synthesis against 
antigens. They also have immune regulatory function with 
effects on other cells through antigen presentation and 
cytokine production. 


IMMUNOGLOBULIN: A glycoprotein composed of 
“heavy” and “light” peptide chains; functions as antibody 
in serum and secretions. There are five major classes (IgG, 
IgA, IgM, IgE, and IgD), each with — specialized 
functions. (Glossary of Periodontal terms,2001 ) 


B cells are formed in the bone marrow. They have a size of 
6-7um and a life span extending for months. B cells have 
particular sites (receptors) on their surface where antigens 
can attach. B-cells play a crucial role in adaptive immunity 
and are regulated by T cells. 


The B-cell r esponse to antigens has two stages: 


@ Primary immune response: When B cells first 
encounter an antigen, the antigen attaches to a 
receptor, stimulating the B cells. Some B cells change 
into memory cells, which remember that specific 
antigen and others change into plasma cells. Helper T 
cells help B cells in this process. 
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PLASMA CELL: An _$ antibody _ producing 
B-lymphocyte that has reached the end of its 
differentiation pathway.(Glossary of Periodontal 
terms,2001) Plasma cells (l0-I5um) produce 
antibodies that are specific to the antigen that 
stimulated their production. After the first encounter 
with an antigen, production of the specific antibody 
takes several days. Thus, the primary immune 
response is slow. 
¢ Secondary immune response: But thereafter, 
whenever B cells encounter the antigen again, 
memory B cells very rapidly recognize the antigen, 
multiply, change into plasma cells, and produce 
antibodies. This response is quick and very efficient. 


B cells as antigen-presenting cells: 


Professional APC like Langerhans cells, macrophages, 
and dendritic cells take up antigens by pinocytosis or 
internalization of receptors for immune complexes. B-cells 
internalize antigens by immunoglobulin receptor (B-cell 
receptor). [he antigen is degraded into peptides, attached 
to MHC class Il molecules, transported back to cell 
membrane and presented to T-helper cells (CD4+). 


The High affinity of the antigen to B cells is very effective 
even in low concentrations. However, the density of such 
B-cell clones is low, and expansion needs activation with 
T-helper cells through CD40 and CDI54 molecules. The 
activated B-cell also express CD86, CD25 and CD27 a 
co-stimulatory molecule for other B-cells and activator of 
naive I-helper cells. 


Autoreactive B cells can also present self-antigens leading 
to autoimmune disease. 


B-lymphocyte subsets: 


B-cells develop from stem cells in fetal liver before birth and 
then in bone marrow. Three subsets of peripheral mature 
B cells have been recognized in mouse models namely, B- | 
cells and B-2 cells. 


@ B-I cells/ Unconventional B-lineage cells 


<> They require immunoglobulin receptor-generated 
signal for development, survival, and expansion 
and phenotype expression. 


<> Two groups can be identified, 
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e B-la— express CD5 
e B-lb—do not express CD5 


<> CD5 promotes downregulation of Ig receptor 
reaction and prevents lg receptor-mediated cell 
death. CD5 promotes IL-!10 production. 


<> They reside in anatomical compartments like 
pleura and peritoneum. 


<> Responsible for early antibody responses 


<> May be T-cell independent, poly-reactive and has 
low affinity 


<> They produce IgM and respond to pathogen- 
associated carbohydrate antigens. They can also 
protect innate response by producing IgM and 
suppressing |gG-autoantibody response. 


<> They can also produce IgA in intestinal tissues 
which maintain commensals. 


<> B-I cells can produce IgG auto-antibodies after 
activation of T cells leading to autoimmune 
disease. 


@ B-2 cells/ Conventional B cells: 


<> Traditional and representative B-cells of adaptive 
immunity. 

<> They react with T-cells and form high-affinity 
memory cells and long-lived plasma cells. 


<> IgA produced by B-2 cells can recognize various 
epitopes and bind with higher affinity leading to 
elimination of pathogens. 


B-cells and tissue destruction: 


Following activation of B-cells, they proliferate, mature, 
switch isotypes and differentiate into antibody-secreting 
plasma cells. Plasma cells also produce cytokines like IL-6, 
-10, TNFa, TGF-B, and VEGF. 


Plasma cells are abundant in chronic diseases like 
periodontitis, and MMP-mediated tissue destruction is 
evident. 


Matrix Metalloproteinases (MMP): 


They are genetically distinct but structurally related to zinc 
and calcium-dependent endopeptidases described by Gross 
and Lapiere in 1962. They are released by neutrophils, 
macrophages, fibroblasts, epithelial cells, osteoblasts, and 
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osteoclasts. At present, a number of MMPs are identified 
and numbered consecutively from | — 28 but MMP -4, -5 
and -6 are missing. 


MMPs are involved in tissue development, remodeling, 
and wound healing. They also regulate cell communication, 
molecular shedding and immune response with cell surface 
receptors, cytokines, hormones, defensins, adhesion 
molecules and growth factors. Their expression is induced 
by exogenous signals. There are few membrane-type (M I- 
MMPs) which are rarely inhibited by TIMP-I. 


MMP-8 and -9 are stored and secreted from neutrophils 
and eosinophils. Secretory epithelial cells show MMP-7 
activity. Mast cells show MMP-I, -2 and -8 activity. 


The MMP expression is low in normal tissues but increases 
considerably in diseases. 


They are responsible for collagen degradation which is 
the hallmark of the periodontal disease. Collagenase 
could be secreted by neutrophils and fibroblasts that 
degrade Type |, Il and III collagen. 


MMPs can be divided into 6 major groups based on 
substrate specificity and homology as follows 


@ Collagenases ©—COLLAGENASE: A neutral 
metalloproteinase that catalyzes the degradation 
of collagen. (Glossary of Periodontal terms, 2001) 
MMP-|I, -8 (Collagenase-2), -13 (Collagenase-3) 


@ Gelatinases — Enzymes that hydrolyses gelatin. 
MMP -2 (Gelatinase-A), -9 (Gelatinase-B) 

@ Stromelysins- breaks down extracellular matrix 
proteins but not triple helical collagens — MMP -3 
(Stromelysin-|), -10, -1 | 

@ Matrilysins- Upto 28 matrilysins are known and act in 
stromal remodeling and are seen in infections. 


@¢ Membrane-type MMPs — MMP -14, -15, -16, 
@¢ Other MMPs. 


Tissue Inhibitor of Matrix metalloproteinase 
(TIMP): 


TIMP’s are endogenous inhibitors of the matrix 
metalloproteinases. They are produced locally and 
counteract the effect of MMPs. The first TIMP was described 
as a protein in 1975, which inhibited collagenase activity. 
Since then, 3 new TIMPS were identified namely, TIMP-2, -3 
and -4. Not all tissues, express all the 4 TIMPs. 
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TIMP-| is mapped to X-chromosome Xpl1.3 — [1.23, 
TIMP-2 to 17q25, TIMP-3 to 22q12.1-q13.2 and TIMP-4 to 
3p25. 


TIMP-I and -3 are inducible in nature. TIMP-2 is constitutive. 
TIMP-4 is highly regulated and restricted. 


TIMP-! is primarily produced by B-cells, and TIMP-2 
expression is restricted to T-cells. TGF-B downregulates 
expression of MMP expression and upregulates TIMP. 


Functions: 
@ MMP inhibition 
@ TIMP-2 can activate pro-MMP-2. 


@ TIMP-I and -2 are potent growth factors for awide 
range of cells including fibroblasts in pulp and 
gingiva. 


TIMP-2 can inhibit angiogenesis. 
TIMP-3 binds tightly to the extracellular matrix. 
They regulate apoptosis. 
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They can inhibit other metalloproteinases like A 
Disintegrin and Metalloproteinase (ADAMs) 


@ They can regulate blood pressure by inhibiting effects 
of MMP-2 on vasoconstriction. 


MMPs and TIMP in periodontal disease: 


An imbalance in TIMP and MMP result in pathological tissue 
destruction in periodontal disease. Both TIMPs and MMPs 
are expressed in all body fluids like saliva, GCF serum and 
urine. 


¢ Plaque: MMP-2, -8 and -9 is implicated in plaque 
rupture. 


@ GCF: Higher levels of MMP-8 and -9 could be 
detected in GCF of diseased sites. MMP-1I3 is less 
abundant in GCF. 


In Gingivitis and Periodontal disease: 


@ MMP-9 can be detected in epithelial cells of Junctional, 
sulcular and pocket epithelium. 


@ The Increase in MMP activity is seen in gingivitis 
and periodontitis. Their levels correlate with disease 
severity. 


@ The levels of MMP decrease with treatment. 
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@ In cases of untreated chronic periodontitis, higher 
levels of active collagenase could be detected in 
whole saliva or mouth-rinse samples reflecting the 
disease state or activity. 


¢ The action of MMP-2, MMP-3, MMP-8, MMP-9 and 
MMP-I3 are responsible for the destruction of 
theextracellular matrix. 


¢ MMP-8 & MMP-9 are secreted from neutrophils, 
monocytes, macrophages and resident periodontal 
cells. 


¢ MMP-1I3 is expressed by sulcular epithelial cells, 
macrophages, fibroblasts, plasma _ cells, and 
osteoblasts. It degrades basement membrane Type IV 
collagen, proteoglycans and fibronectin along with 
bone destruction. It can activate proMMP-9 in 
diseased tissue. 


@ MMPs can cleave monocyte chemoattractant proteins 
(MCPs) and inactivate them 


¢ The increase in MMP-3 and MMP-8 mRNAhas been 
noted in periodontal disease. 


@ Higher levels of TIMP-| was observed in periodontally 
healthy individuals. The reduction in TIMP levels could 
be a marker for disease susceptibility. 


@ The ratio of MMP-8 to TIMP-I was higher in patients 
with severe periodontitis. This shift in balance could 
represent greater tissue destruction. 


@ Higher levels of IL-1 and MMP-8 could be related to 
increased attachment loss. 


B-cells in periodontal disease: 


B lymphocytes and plasma cells dominate cells in 
periodontitis lesions. Plasma cells represent about 50% of 
cells in these lesions while B cells comprise about 18%. 
The proportion of B cells is larger than all of theT cells. 
There are more T helper cells than cytotoxic T cells. The 
differences in B-cell and plasma cell density vary with 
disease severity. 


Tissue destruction is one of the hallmarks of periodontitis 
and B cells as well as plasma cells appear to contribute 
to the degradation of connective tissue structures in 
periodontitis and other chronic inflammatory diseases. 


Plasma cells were the most active secretory cells in the 
gingiva. |IgG and IgA are considered to have a protective 
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role in periodontal disease. These antibodies are derived 
from circulation and are also produced locally which lead 
to increased concentrations in the gingival sulcus. IgM, IgA 
subclass proteins, and J-chain are also locally produced in 
granulation tissues of periodontitis. IgGl mRNA expressing 
cells were also noted in granulation tissues within gingiva. 


The presence of 9G4 epitope in B-cells is strongly 
associated with auto-reactivity. Periodontal pathogens 
induce hyperactive IL-10 response leading to proliferation 
of B-la_ cells and  auto-antibodies in Type | 
diabetes. The proportion of B-la cells was 4-5 times 
higher in periodontitis patients. Systemic B-la_ levels 
could be a marker for susceptibility to periodontitis. 


Higher levels of antibodies to Type | collagen in peripheral 
blood, more elevated IgG and IgA levels were found in 
gingival tissues and GCF of periodontitis patients. 
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Anti-desmosomal IgG in GCF has been noted in higher 
values from diseased sites than at healthy sites. 


Higher amounts of Anti-neutrophil cytoplasmic 
antibodies were observed in patients with systemic lupus 
erythematosus and periodontitis attributed to enhanced 
B-cell activation. 


Higher values of anti-phospholipid antibodies were 
detected in serum of chronic periodontitis and generalized 
aggressive periodontitis. Such antibodies may be associated 
with elevated risk for cardiovascular disease among 
periodontitis patients. 


Cells infected with EBV are frequently present in 
periodontitis lesions, and they may lead to activation and 
proliferation of B-cells. 


Autoimmune reaction to Heat-shock protein (HSP60) and 
its bacterial homologue (GroEL/chaperonin) is also noted 
in periodontitis patients. 





Specific pathogens 


PMNs, Antibodies 


Antigens, LPS, Other virulence factors 





Host immune response 


Matrix metallo-proteinases 


Cytokines, Prostaglandins 


Connective tissue and bone metabolism 





Environmental risk factors 


Acquired risk factors 


Genetic risk factors 





Initiation and Progession of Periodontal disease 


Fig. 12.2 Initiation and progression of periodontal disease 


ROLE OF COMPLEMENTS: 


COMPLEMENT: A group of serum proteins involved in 
the control of inflammation, the activation § of 
phagocytes, and the lytic attack on cell membranes. The 
system can be activated by interaction with antigen- 
antibody complexes or by bacterial substances. (Glossary 
of Periodontal terms, 2001) 


fay 


ZYMOGEN: An inactive precursor that is converted 


to active enzyme by the action of another 
substance. Proenzyme. (Glossary of periodontal terms, 2001) 
OPSONIN: A substance (e.g., antibody, 


complement) capable of enhancing phagocytosis. (Glossary 
of Periodontal terms, 2001) 


Complement is an interacting network of 30 membrane- 
associated cell receptors and soluble glycoproteins. The 
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complement system is a biochemical cascade that helps clear 
pathogens from an organism. It is an integral component 
of the innate immune system. They are produced locally 
and systemically. 


The complement system consists of small proteins found 
in blood, normally circulating as inactive zymogens. 
When stimulated by one of the several triggers, 
proteases in the system cleave specific proteins to 
release cytokines and _ initiate cascade of further 
cleavages. The end result of this activation cascade is 
massive amplification of the response and activation of 
the cell-killing membrane attack complex. 


Various proteins and protein fragments make up the 
complement system, including serum proteins (CI to 
C9), serosal proteins, pattern-recognition molecules, 
convertases and other proteases, regulators and cell 
membrane receptors interacting with other immune 
mediators. These proteins are synthesized mainly in 
the liver, and they account for about 5% of the globulin 
fraction in serum. 


Three biochemical pathways activate the complement 
system: the classical complement pathway, the 
alternative complement = pathway, and_ the 
mannose-binding lectin pathway. 


Functions of the complement: 
The complement system is critical for host defense and 
inflammation. Their roles include, 

@ It recruits and activates inflammatory cells 

@ It also opsonizes, phagocytose and lyse microbes. 


@ It interacts and coordinates with other systems by 
crosstalk and Toll-like receptors. 


@ It can activate and differentiate both T- and B-cells. 


@ It can prevent bacterial invasion and spread by 
increasing local clotting mechanisms. 


@ It can replenish immune system by mobilizing 
hematopoietic stem cells and progenitor cells from 
the bone marrow. 


@ Opsonization of particulate antigens. C3b is an 
opsonin and helps in phagocytosis. (OPSONIZATION 
refers to coating of particles such as bacteria, with 
host proteins that facilitate phagocytosis.) 
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@ Lysis of bacteria, cells infested by bacteria and 
viruses. 


<~ MEMBRANE ATTACK COMPLEX/MAC 
(C5b, C6, C7, C8 and polymeric CY) is the 
cytolytic end-product of the complement 
cascade. It forms a transmembrane channel 
leading to osmotic lysis of the target cell. 


¢ Binding to specific complement receptors on the 
cells of the immune system, triggering specific cell 
functions (activation of leukocytes), inflammation, 
and certain immunoregulatory molecules. 


@ Immune clearance: It removes immune complexes 
from the immune system and deposits them in spleen 
and liver. 


@ Recruitment of inflammatory cells and their 
degranulation: 


@ C5a causes chemotaxis of various inflammatory cells 
especially neutrophils and their degranulation. 


@ C3a-causes respiratory burst in neutrophils. 


Complements are not normally activated on the host 
cells. Disorder in complements like excessive activation, 
deficiencies, SNPs or mutations of regulators can lead 
to inflammatory tissue damage. Periodontitis is an 
inflammatory disease caused by infection and inflammation, 
which is mediated by complements. 


¢ Activated complements are detected at higher levels 
in GCF of periodontitis — factor B, Bb, C3, C3b, C3c, 
C4, C5a, C9 


@ High levels of complements can be detected in 
inflamed gingiva - Clq, factor B, Bb, C3, C3a, C3b, 
(3c) C34, 5, Cop, C7 


@ Increased levels of complement cleavage fragments in 
experimental gingivitis — Bb, C3 


@¢ C3 to C3c conversion is higher in GCF during 
inflammation and reduces after therapy. 


@ C3 gene is downregulated after periodontal therapy. 
@ CINH deficiency related to aggressive periodontitis. 


@ C4 gene mutations and SNPs in C5 are noted in 
periodontal disease. 


@ Periodontal bacteria can inhibit or activate certain 
complements trying to evade immune clearance 
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and also stimulate inflammation to get nutrients for 

growth. 

<> Pgingivalis (Gingipains - hRgpA, RgpB) and P.intermedia 
(InpA) digests C3 and inhibits its activation. 

<> Pgingivalis (HRgpA) and T.denticola (Liboprotein) 
hijack complement regulatory proteins like C4BP 
and Factor H 


<> Pgingivalis (Kgp) can lyse complement regulatory 
proteins like CD46, CD55 and CD59 from host 
cell surfaces leading to therelease of interleukins 
and cell lysis. 

<> Pgingivalis (hRgpA, RgpB), Pintermedia (InpA), 
T-denticola (Dentilisin) can generate complement 
fragments like Anaphylatoxins, iC3b 

<> Pgingivalis (fimbriae) can bind directly with 
complement receptors (CR3) 

<> Pgingivalis (Gingipains) can generate C5a and 
enhance inflammation. 


In periodontal treatment: 


Periodontitis could be controlled by regulating the 


inflammation and host response to the _ pathogens. 


Complement targeted therapeutic intervention can be 


done to reverse inflammation and promote host defense. 


Complement specific drugs like C5aR antagonist can be 
injected into the gingiva to control inflammation. 


The periodontal destruction, the clinical loss of attachment 
seen in periodontal disease results from improperly 
regulated immune response to bacterial infection rather 
than from the bacterial pathogens themselves. 


Cytokines and their role in periodontal disease: 


CYTOKINES: A large group of proteins made by cells 
that are capable of regulating a wide variety of cellular 
functions. (Glossary of Periodontal terms, 2001) 


Cytokines are small proteins (approx. 8-80kDa) that usually 
act in an autocrine, paracrine or endocrine manner. They 
are extremely potent, acting at picomolar and sometimes 
even at femtomolar levels. 


Direct cell-cell interaction and local production of soluble 
mediators control communication between cells of the 
immune system. Cytokines are an important part of the 
soluble messenger network. The majority of immune 
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responses occur locally rather than systemically within a 
small area of tissue and often between two cells that are 
conjugated to one another. 


Cytokines are cell regulators that have a_ significant 
influence on the production and the activation of 
different effector cells. They are small molecular weight 
peptides or glycopeptides. They regulate all the important 
biological functions such as cell proliferation, cell 
growth, cell activation, inflammation, immunity, and 
repair. Some cytokines are produced by a restricted type 
of cell, such as IL-2 produced by T cells. Whereas others, 
including IL-| and IL-6 are produced by very different cells. 
In addition, target cells may be restricted or very diverse, 
many cytokines are pleiotropic, having multiple activities 
on different target cells and or overlapping cell 
regulatory actions. 


Since the discovery of IL-2 in 1976, numerous 
cytokines have been characterized that are essential for 
proliferation and differentiation of immune cells. There 
are well over 200 known human cytokines. 


Early mediators are released by _innate/cell-mediated 
immunity - macrophages and NK cells help in the 
activation of macrophages and induction of CD4 and CD8 
T cells. Late mediators are produced by adaptive/humoral 
immunity — T and B-cells which is characterized by 
antibody production. 
Effects of cytokines: 

@ Cell growth. 
Cell differentiation. 
Cell death/apoptosis. 
Chemotaxis and chemokinesis. 
Induction of chemotactic effector phenotype. 
Induction of the phagocytic phenotype. 
Promotion of intercellular adhesion. 
Regulation of adhesion to extracellular matrix. 
Resistance to viral infection. 
Induce non-responsiveness to other cytokines/cells. 


Induce responsiveness to other cytokines/cells. 
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Induce secretion of other cytokines. 


Terms: 


@ Pleiotropy — Act on more than one cell type (IL-6, 
IFN a, B) 
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@ Redundancy — More than one cytokine can do the @ Type IV Chemokine receptor family 


same thing (IFN a, B, ¥) @ Chemokine receptors - Duffy antigen. 


@ Synergy - Two or more cytokines cooperate to 
produce an effect that is different or greater than 
the combined effect of the two cytokines when 
functioning separately (IL-12 and IL-8) 


Specificity of cytokines: 


@ Only cells expressing receptors for specific 
cytokines can be activated by them. 


¢ Antagonism - Two or more cytokines work against ¢ Many cytokines have very short half-lives. 


each other (IL-4 and IL-1 2). @ High concentrations of cytokines are needed for 


Cytokines can be broadly grouped as activation. 


¢ INTERLEUKINS: A family of potent proteins that % Only cells in close proximity are activated. 
serves as a link between inducer and effector cells @ May require cell-to-cell contact. 
during immune and inflammatory responses; involved 
in the recruitment of immune and _ inflammatory 
precursor cells. Some _ interleukins have been 
implicated in the pathogenesis of periodontal 
diseases.(Glossary of Periodontal terms, 2001). 


Role of cytokines in immune response: 
@ Alert to infection, tumours,etc. 

Recruit cells to site. 

Specify type of immune response. 


¢ Interleukins (1-22) Immune effector phase. 
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¢ Interferons(q, B, y) Immune down-regulation by Interleukins and TGF-B, 


@ Chemokines - a, 8 chemokines; Macrophage which inhibit proliferation and cytokine production. 
Inflammatory Protein (MIP-| a); Monokine Induced 


by Interferon y (MIG); Regulated on Activation a 
Normal T cell Expressed and Secreted (RANTES); @ Early mediators (IFN /f). 
Eotaxin @ Chemokines (MIP-1«). 
¢ Others = — — CSFs, — TNFs, — GFS_ sy Early & late mediators (IL-2, IFN y, IL-4, IL-5). 
Interleukins are a large group of cytokines produced 
mainly by T cells and also by some mononuclear * Down-regulators (IL-10, TNF ¥). 
phagocytes. Interferons are cytokines that protect @ Maintenance cytokines (GM-CSF IL-3, -7, -9) that 
cells from viral infections. Chemokines are a group induce cell differentiation and cell growth. 
of 40 small cytokines involved in cell migration, 
activation, and chemotaxis. 


These cytokine molecules produce their effect by 
binding with specific receptors on target cells. It 
includes, 


Cytokine receptor families: 


¢ Type! receptor superfamily - Hematopoietin receptor 


family 
@ Type Il family of related cytokine receptor - 
Interferon 


@ Type Ill cytokine receptors. 


<> Death signaling receptors Fas or CD95, DR4and 
DRS. 


<> Lymphotoxin. 
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Table 12.3: Cytokine-inducing components of Gram-positive bacteria: 


Protein 


Lipoteichoic acid 
Lipoarabinomannan (LAM) 


58 kDa mycobacterial protein 


Human Peripheral 
Blood Mononuclear 
Cells (HPBMCs) 


HPBMCs 
HPBMCs 
HPBMCs 


IL-l a, IL-4, IL-6TNFa, INFy 


IL-18,IL-6,1L-8, TNFa 
IL-1 qo, IL-1 8,IL-6,1L-8,IL-10,GM-CSF TNFo 
TNFa 


Table 12.4: Cytokine-inducing components of Gram-negative bacteria; 





LAP 


Porins 
Outer membrane proteins 


Lipoproteins 


Target cell Cytokines produced 


HPBMCs 


HPBMCs 
Murine macrophages 


Murine macrophages 





IL-1 

IL-1, IL-4, IL-6, IL-8, TNFa, GM-CSE INFy 
TNFa, IL-6 

TNFo 


Table 12.5: Cytokine induction by LPS from periodontopathogens other than P. gingivalis: 


Source of LPS BE Ve e<= =i) Cytokines produced 


Prev intermedia 


Prev intermedia 
Prev intermedia 
A.actinomycetemcomitans 
A.actinomycetemcomitans 
A.actinomycetemcomitans 
A.actinomycetemcomitans 


FEnucleatum 


Murine macrophages 


HPBMCs 

HGFs 

Murine macrophages 
HPBMCs 

Human macrophages 
HGFs 


Murine macrophages 


IL-1 

IL-1B 

IL-l a, IL-1 B,IL-6,1L-8 
IL-1, IL-Ira 

IL-1, TNFa 

IL-l a, IL-18, TNFa 
IL-1, IL-6 

IL- | 
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Table 12.6: Cytokines produced by host cells in response 
to components / products from periodontopathogens; 


fcyiokine JInducer 


IL-lo LPS, fimbrial proteins 

IL-1B LPS, polysaccharides, LAP 

IL-4 Unidentified component 

IL-6 LPS, Surface protein, fimbrial protein, 
LAP 

IL-8 LPS, fimbrial protein 

TNFa LPS, fimbrial protein, surface protein 

GM-CSF LPS, fimbrial protein 

INFg LPS 

MCP- | LPS 

IL-Ira LPS 

KC Fimbrial protein 

TGFB Unidentified component 


Regulation of cytokines: 


Many factors influence the development of T-cell subsets. 
The antigen presenting cells, the nature and concentration 
of the antigen determine the induction of I-cells. 


Thi and Th2 are two distinct subsets derived from CD4 
helper T cells. The products from Th! and Th2 cells produce 
different cytokines including IL-3, TNF-a, and GM-CSF. Th! 
cells produce IL-2, IFN-y, and TNF-B. Th2 cells produce 
IL-4, -5, -6, -10, -13. 


The balance of two subsets determine the disease response. 
Thi activity with cell-mediated immunity in tuberculoid 
leprosy and Th2 activity with a humoral response 
in lepromatous leprosy determines the prognosis. 


Cytokine related diseases: 
@ Bacterial septic shock and related diseases. 
@ Lymphoid and myeloid cancers. 


@ Chaga’s disease with severe immunosuppression. 
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@ EBV infection promotes the generation of T-helper 
cells that does not produce IL-2 and favors Th2 cell 
production than Thl. 


Parasites like tapeworms induce high levels of IgE. 
Table 12.7: Effect of cytokines and growth factors on 


inflammation and wound repair; 


Pro-inflammatory 
cytokines 


IL-1, TNF-a, IL-6, INF-y, IL-8, 
MCP-1, MIP-2 o 


IL-4, IL-10, IL-13 (IL-1 receptor 
antagonist), I GF-B 


TGF-B, CTGE IL-4, IL-13, FGF-2, 
IGF-I, PDGF GM-CSF 


Anti-inflammatory 
cytokines 


Fibrogenic cytokines 


Anti-fibrotic cytokines INF-y, IL -I, IL-10, IL-12, IL-I7 


FGF2, VEGF-A, angiogenins, 


pusiozenic cyreines angiopoietins, IL-8 MCP- | 


Scarring TGF-B, IGF-I, CTGE IL-6 
Anti angiogenic IL-10 
Anti-scarring IL-10 


Activities of various cytokines involved in 
periodontal disease: 


Interleukin 1: 


IL-| family has two proteins with similar biological activities 


(IL-1 a and IL-IB). It also has IL-1 receptor antagonist (IL- 
|Ra), a non-signalling ligand with 2 receptors (IL-RI and 
IL-RII). Binding with IL-RI leads to cell signalling whereas 
IL-RII binding does not lead to signalling. 


IL-l 6 is a multi-function inflammatory mediator that 
modulates bone resorption by activating osteoclasts and 
stimulating PGE2 synthesis. It is synthesized by monocytes, 
keratinocytes, and gingival fibroblasts in response to 
pathogenic bacteria. Their levels increase in periodontal 
disease. 


Interleukin | 
|. Inhibition of bone formation. 


2. Enhancement of bone resorption. 
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3. Stimulation of prostaglandin and thromboxane 
synthesis. 


4. Stimulation of collagenase and protease production. 


5. Potentiation of neutrophil and 


superoxide production. 


degranulation 


6. Enhancement of endothelial cell leukocyte adhesion 


7. Stimulation of fibroblast and 


proliferation 


keratinocyte 


Interleukin 4: 


IL-4 is produced by T cells, mast cells,and basophils and is an 
important factor in the clonal expansion of antigen-specific 
B cells. IgE synthesis in both the mouse and human, IgG| 
in murine B cells and lgG4 in human cells are all enhanced 
by IL-4. 


IL-4 has multiple roles on cells involved in immunity. 


@ This cytokine induces proliferation in human and 
murine T cells. 


@ It also has potent anti-tumor activity, which has been 
attributed to the infiltration of cytotoxic eosinophils 
followed by the induction of tumor-specific cytolytic 
T cells. 


@ IL-4 contributes to negative immune _ regulation 
by its ability to reduce IL-2 receptors and thus to 
inhibit some IL-2 induced activities. These include 
the IL-2 induced generation of natural killer cells and 
IFNy-enhanced activities such as the activation of 
macrophages and their antimicrobial activity. 


@ IL-4 canalso block macrophage nitric oxide generation 
necessary for the killing of intracellular parasites. 


@ Studies also suggest that IL-4 down-regulates the 
production of other cytokines including IL-l, TNF 
and IL-6 in human peripheral blood monocytes. 


@ Finally, IL-4 regulates the induction of Th2 cells. 
Tumor necrosis factor (TNF): 


Bertolini in 1986 showed that TNF stimulate bone 
resorption by inducing the proliferation and differentiation 
of osteoclast progenitors and indirect activation of formed 
osteoclasts. TNF also mediates tissue destruction by 
stimulating collagenase and degradation of type | collagen 
by fibroblasts leading to connective tissue destruction. 
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Interleukin-6: 


IL-6 is a pleiotropic cytokine that stimulates lg production 
by B-cells, activates T-cells, stimulates synthesis of acute 
phase proteins by hepatocytes and activates complement 
cascade. Its production is induced by lipopolysaccharide in 
gingival fibroblasts. Their levels are extremely low in health 
and increases with inflammation. 


@ It is also a potent stimulator of osteoclast 
differentiation. It also stimulates the formation 
of multinucleated cells with features similar to 
osteoclasts. 


@ It enhances bone resorption and is inhibitor of 
bone formation. 


Interleukin-8: 


IL-8 formed by gingival cells acts in an autocrine or 
paracrine manner to attract and activate neutrophils to 
the inflamed gingiva. 


@ It is a pro-inflammatory cytokine. 


@ This cytokine induces IFNy, IL-12, and other cell 
adhesion molecules. 


@ With IL-I, it plays a role in rheumatoid arthritis and 
autoimmune diseases. 


Interleukin-1 0: 


IL-l0 plays a major role in suppressing immune and 
inflammatory responses. It is produced by T cells including 
human ThO, Thl and Th2 cells, B cells and monocytes and 
macrophages after activation. 


IL-10 suppresses antigen-specific human and mouse T-cell 
responses by inhibiting the antigen-presenting capacity of 
macrophages and Langerhans cells. However, Ding & 
Shevach have shown that the ability of B cells or dendritic 
cells to present antigen is not affected by IL-10. 


@ Human IL-!0 reduces significantly the proliferation and 
production of cytokines by both Th! and Th2 clones 
exposed to specific antigen and phytohemagglutinin. 


@ IL-10 has direct inhibitory effects of IFN production 
and has been shown to contribute to the suppression 
of IFN induced macrophage-mediated immune 
destruction of pathogens. 


Interestingly, this cytokine has been found to act as 
a specific chemotactic factor towards CD8+ T cells 
while suppressing the ability of CD4+ T cells to 
migrate in response to IL-8. 
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@ IL-10 is a potent growth and differentiation factor for 
activated human B cells and play an important role in 
amplifying the humoral immune response. 


¢ The synthesis of monocyte-derived pro- 
inflammatory cytokines including IL-I, IL-6 and IL-8 
is inhibited by IL-10. 


@ It also enhances the production of the IL-! receptor 
antagonist (IL-IRa) and dampens immune 
proliferation and inflammatory responses. 


@ IL-l0 promotes Th2 responses while suppressing 
delayed type hypersensitivity reactions and other Thl 
cell-mediated responses. 


@ As a potent anti-inflammatory reagent, IL-I0 is 
researched for managing diseases such _ as 
rheumatoid arthritis, bacterial sepsis, and psoriasis. 


Interleukin-1 2: 


IL-|2 was originally described as a factor promoting natural 
killer (NK) and cytolytic T cells activity. It is produced 
mainly by monocytes and macrophages, dendritic cells 
and polymorphonuclear neutrophils with keratinocytes. 
Langerhans cells and B cells are producing only low levels. 


NK cells can influence the pathway of Thl and Th2 
development when antigen-specific T cells start to undergo 
clonal expansion and differentiation. In this context, natural 
killer cells may represent an early source of IFN, which 
would contribute to the development of a ThI response. 
They appear to be most effective in preventing early 
infection, but T and B cells and their products are required 
to resolve the infection. 


As well as being protective, IL-!2 can also promote 
detrimental effects. The administration during experimental 
viral infections of doses of IL-I12 reportedly beneficial 
in other infections resulted in adverse effects, including 
inhibition of cytolytic T-cell activity and virus-induced 
CD8+ T-cell expansion; the accompanied induction of TNF 
was a pivotal factor in the ensuing pathology.A Lower dose 
of IL-12 enhanced CD8+ expansion and the clearance of 
virus. 


@ IL—I2 provides a link between natural resistance 
mediated by phagocytic cells and NK cells and adaptive 
immunity mediated by T helper cells, cytolytic T cells 
and B cells. 
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@ IL-I2 has pleiotropic effects on NK cells and T cells. 
These include the enhancement of proliferation and 
cytotoxic activity NK cell and T cell after activation 
by other stimuli. 


@ IL-|2 induces IFN production by resting and activated 
T and NK cells. 


@ Theearly production of IL-|2 represents a fundamental 
process in NK cell activation and innate resistance. 


@ IL-I2 plays a critical role in the differentiation of 
ThI cells. It acts directly on both ThI cells and on 
their precursors, and part of this activity is due to 
the induction of IFN production by T and natural 
killer cells. IFN has a positive feedback effect by 
enhancing the production of IL-|2 by monocytes and 
macrophages, whereas the cytokines IL-4 and IL-I0 
are powertul inhibitors of IL-12 production. 


@ It has been suggested that IL-|2 may be the IL-4 
equivalent for the differentiation of Thl cells, and 
these two cytokines may determine the balance of 
Thl and Th2 cells. 


Interleukin-1I3: 


IL-13 is a potent modulator of human monocyte and 
B-cell function with potential anti-inflammatory activity 
along with IL-4 and IL-10. IL-13 and IL-4 genes are closely 
linked in both the human and mouse genomes, and there 
is sequence homology between the secreted proteins. The 
IL-4 and IL-I3 receptors also share a common subunit, 
although the IL-4 receptor does not bind IL-1 3. 


Although IL-|3 appears to mimic IL-4, its biological activities 
are more restricted than IL-4. lt does not act on human or 
mouse I cells nor on mouse B cells, although it does act as 
a co-stimulatory signal for human B cells. The production 
of an IL-4 mutant protein to act as a receptor antagonist 
for both IL-4 and IL-|3 may have therapeutic value in the 
treatment of Th2 predominant infections. 


This cytokine is secreted by both CD4+ and CD8+ human 
T-cell clones, the CD4+ cells having ThO, Thl, and Th2 
profiles. IL-|3 is produced early after activation and over 
prolonged periods of time, in contrast to IL-4, which is 
secreted much later and occurs transiently. 


@ Monocyte cell surface markers including CD23, 
MHC class Il, and several integrin molecules are up- 
regulated by IL-13. 
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@ The production of the cytokines IL-|. IL-6, IL-8 and 
TNF-induced by lipopolysaccharide-stimulated human 
monocytes is also inhibited by IL-1 3. 


@ IL-|Ra secretion is enhanced. 


@ Like IL-4, IL-13 may favor the development of Th2 


responses as it down-regulates the production of IL- 
2. 


@ Also like IL-4, IL-13 induces lgG4 and IgE synthesis. It 
directs IgE isotype switching in humans. 


Interleukin-17 (IL-1 7): 


It is located on chromosome 6. It can stimulate fibroblasts, 
epithelial and endothelial cells to produce IL-6, IL-8, and 
PGE2. It can induce osteoclasts by receptor activator of 
nuclear factor-«B ligand (RANKL) on osteoblasts. 


Interferon-y: 


Interferons were first characterized as substances that 
inhibit virus replication, although it is now known that they 
have many immune-modulatory activities. Its regulatory 
effects include the activation of macrophages to enhance 
their phagocytosis and tumor killing capability, as well as 
activation and growth enhancement of cytolytic T cells and 
NK cells. 


IFN-y is different in both biochemistry and biological 
properties from IFN-a and IFN-B.The latter are produced 
by cells infected with virus while IFN-y is produced during 
an immune response by antigen-specific T cell and NK cells 
recruited by IL-2. 


IFN-y up-regulates class | MHC antigen expression and 
induces class Il MHC and Fcy receptor expression on 
macrophages and many other cell types including lymphoid 
cells, endothelial cells, mast cells, and fibroblasts. Thus, it 
influences the capacity of cells to present antigen. By up- 
regulating class IIL MHC molecule expression on cells such 
as endothelial cells, these cells may then become susceptible 
to the actions of class Il-specific cytolytic T cell. 


@ IFN-y plays a major role in B-cell maturation and 
immunoglobulin secretion. 


@ IFN-y promotes the ability of the humoral immune 
system to destroy microbial pathogens. 


@ IFN-y inhibits most of the activities induced by IL-4, 
suggesting that these two cytokines reciprocally 
regulate immunoglobulin isotype production inT cell- 
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dependent immune responses. Finally, the presence 
of IFN-y appears to be a requisite for the induction 
of the ThI subset. 


Cytokines in tissue destruction: 


IL-| isa principal mediator of inflammatory responses acting 
on many cell types. It is produced by many different cells, 
including macrophages, endothelial cells, B cells, fibroblasts, 
epithelial cells, astrocytes and osteoblasts in response to 
microorganisms, bacterial toxins, complex components or 
tissue injury. Oneof the important actions of IL-I is its 
induction of the cytokines, and it appears to be part of a 
work of cytokines with self-regulating and self-suppressing 
properties. 


TNF is also a multipotent cytokine having a wide variety 
of biological effects and has been suggested to have similar 
effects as IL-1. TNF is produced mainly by macrophages in 
response to agents such as lipopolysaccharide. Both TNF 
and IL-| have been shown to act on endothelial cells to 
increase the attachment of PMNs and monocytes and thus 
help to recruit these cells into sites of inflammation. 


IL-l and TNF are key mediators of chronic inflammatory 
diseases and have the potential to initiate tissue destruction 
and bone loss in periodontal disease. IL-1 has been shown to 
stimulate fibroblasts in culture to produce collagenase. T NF 
also mediates tissue destruction by stimulating collagenase 
and degradation of type | collagen by fibroblasts leading 
to connective tissue destruction. IL-I is the most potent 
known inducer of bone demineralization and synergizes 
with TNF in stimulating bone resorption, as well as 
significant changes in the connective tissue matrix. 


Onits own, TNF is one hundred-fold less potent than IL-| 
in bone resorption assays. TNF molecules stimulate bone 
resorption by inducing the proliferation and differentiation 
of osteoclast progenitors and activating formed osteoclasts 
indirectly. 


IL-6 is produced by hemopoietic and non-hemopoietic 
cells. It induces immunoglobulin secretion in both pre- 
activated murine and human B cells and, therefore, 
induces the final maturation of B cells into high rate 
immunoglobulin secreting cells. Like IL-I, it appears to 
have a major role in the mediation of inflammatory and 
immune responses initiated by infection or injury. IL-6 
also appears to have a role in bone resorption by 
stimulating formation of osteoclast-like cells. 
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Destructive cytokines in periodontal 
disease: 


@ IL-I levels have been shown to be elevated in the 
gingiva of adult periodontitis subjects compared with 
clinically healthy or gingivitis affected individuals and 
from active periodontitis sites versus inflamed stable 
sites. 


@ IL-I levels decrease after periodontal treatment. 


¢ IL-6 has also been shown to be increased in the 
GCF of patients with refractory periodontitis and 
gingivitis. 

@ IL-I-B and TNF-a is present in GCF samples 
collected from severe periodontal breakdown; 


@ Activated macrophages are also a well-established 
source of IL-I-8 producing up to |0 times more IL- 
|-c messenger RNA than IL-I-a messenger RNA. 
The rate of IL-| mRNA was higher in the connective 
tissue furthest from the pocket epithelium, 
suggesting a role in the alveolar bone resorption that 
occurs in the periodontal disease. 


@ Administration of IL-I-B accelerated alveolar bone 
destruction in ligature induced periodontal tissue 
inflammation in rats over a 2-week period. 


@ Human gingival fibroblasts may also contribute 
significant levels of certain inflammatory cytokines in 
the _ gingival Fibroblast may, 
therefore, be able to contribute to periodontal tissue 
inflammation. 
<> Formalin — killed preparations of two possible 

periodontal pathogens, AAC and C. rectus have 
been shown to stimulate IL-6 and IL-8 production 
by human gingival fibroblasts. 


tissues. Gingival 


<> Reddi et al also showed that surface associated 
material (SAM) from a number of oral pathogens 
including AAC, E. corrodens, Pgingivalis, C.rectus 
and Pintermedia induced IL-6 but not IL-I-B or 
TNF-a from gingival fibroblasts, although all three 
cytokines were induced from peripheral blood 
mononuclear cells. 


@ Hendley et al. suggested that oral polymorphonuclear 
neutrophils may be an important source of IL-IB in 
periodontal diseases, as the amount produced by 
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these cells was strikingly greater than that produced 
by circulating polymorphonuclear neutrophils 
activated in vitro. 


Keratinocytes which have been demonstrated to 
produce IL-Ia, could also be a source of IL-I in the 
gingival tissues. 


Lipopolysaccharide from gram-negative bacteria 
in periodontal pockets may induce osteoclastic 
differentiation and promote alveolar bone loss in 
periodontal diseases. 


MIP-la, IFN-y-inducible proteinl0, CCR5, CXCR3 
are elevated in aggressive periodontitis. 


The mediators for endotoxin tolerance, TLR mRNA 
expression is downregulated and SHIP-I expressionis 
upregulated in periodontitis. 


TLR-2 and TLR-4 positive cells increase in chronic 
periodontitis. 


Host modulatory Therapy: 


4 


It targets the modulation host response to control 
and treat the periodontal disease. It reduces 
the excessive levels of enzymes, cytokines, and 
prostanoids and modulate osteoclast activity. They 
include modifications of NSAIDs, antimicrobials, 
systemic bisphosphonates, cytokine drugs, bone 
resorption uncouplers, anti-metabolites, and lipoxins. 


Periodontal disease can be controlled at various 
levels including 


Regulation of immune and inflammatory responses. 


<> Immunization with protective antibodies 
against periodontitis — Vaccines against TLR and 
Gingipains 

<> Stages of host modulation 


<> Regulation of reactive oxygen species — Scavenging, 
Preventative and Enzyme antioxidants like 
Ascorbic acid, alpha-tocopherol, keratinides 


<> Regulating cytokines — cytokine analogues, Mast 
cell stabilizers 


Regulation of excessive production of MMPs 
<> Regulate MMP gene transcription 


<> Regulate Precursor activation with chemical 
agents, proteolytic enzymes 


Ay 


(| Etiopathogenesis of periodontal diseases 


<> Substrate specificity 


<> MMP. inhibition with TIMPs and _ tetracycline 
derivatives. 


@ Regulation of arachidonic acid metabolites with 
NSAIDS 


@ Regulation of bone metabolism with Bisphosphonates, 
Hormone replacement therapy, and OPG therapeutic 
agents. 


Cytokine therapy: 


@ Cytokines are administered to change the course of 
the disease or to alleviate symptoms or side effects 
of other therapies and is becoming an important tool 
in clinical medicine. Cytokines can theoretically be 
used as therapeutic modalities in various forms, 


@ Overproduction of cytokines may be inhibited by 
cytokine suppressing anti-inflammatory drugs. 


@ Missing, defective or reduced cytokinesand their 
receptors can be replaced directly to reconstitute a 
reduced immune system 


@ Stimulation of the immune system in cases of 
overwhelming infection or neoplasias. 


The therapeutic uses of cytokines could be 


Modulation of Th cell activation 
Interfere with receptor function 
Interfere with cytokine 


Render it unable to bind to receptor 


¢-¢e¢hUCU OHmhC Hh OH 


Render it unable to act 
Examples of therapeutic uses: 
@ Soluble T-cell receptor 

@ Anti-IL-2R 


@ Interleukin analogs which bind receptor but do not 
trigger activation (ties up receptor) 


@ Toxins conjugated to cytokines which kill activated 
T-cells 


@ Administration of cytokines to enhance immunity 
(side effects/ short half-lives) in case of Allergies. 


@ Use of receptor antagonists for chemokines like 
CCRI. 
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@ Despite some promising results, it should be 
remembered that cytokine therapy is still very much 
in its infancy and while many applications seem 
possible there are often many pitfalls in achieving a 
clinically significant result. 


Biomarkers: 


¢ Biomarker - Cellular biochemical, molecular or 
genetic alterations by which a normal, abnormal, or 
simply biologic process can be recognized or 
monitored. (Baum BJ et al., 201 1) 


¢ Biomarker is a characteristic that is objectively 
measured and _ evaluated as an_ indicator of 
normal biological or pathogenic processes, or as a 
pharmacologic response to a therapeutic intervention or 
other health care interventions ( Zia, 201 1) 


@ A biomarker should be robust, discriminatory with 
high specificity and sensitivity and validated in clinical 
studies. They should be straightforward to analyze, 
and the results should be easily interpretable. It 
should be able to 


@ Before diagnosis 
<> Screening 
< Risk assessment 
<> Monitor health status 
<> Predict disease susceptibility 
@ During diagnosis 
<> Measure disease activity 
e Staging of disease 
e Grading of disease 
<> Predict onset of disease and treatment outcome. 
< Selection of therapy 
@ During therapy and follow-up 
<> Monitor disease progression 
<> Monitor resolution of disease with therapy 
<> Select additional therapy 
<> Identify recurrent diseases 


Conventional assessment tools for periodontitis include 
visual changes, clinical assessment of pocket depth, tissue 
attachment and bleeding on probing along with radiographs. 
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These procedures give a history of past disease activity 
but cannot assess the status or predict the risk of future 
progression. 


Cellular and humoral immune responses function in health 
and disease. During the disease process, fluid gathers 
within the sulcus and periodontal pocket, which contains 
microbial, cellular, serum, inflammatory, immune and tissue 
breakdown derived molecules. Various biomarkers are 
used to assess the periodontal disease including enzymes, 
proteins, host cells, markers of cellular and humoral 
activity, ions, hormones, markers for oxidative stress and 
antioxidants. 


Bone turnover markers: 


Serum bone-specific alkaline phosphatase (S-BAP), urinary 
deoxypyridinoline (U-DPD) and serum osteocalcin (S-OC) 
are frequently measured to assess bone turnover. S-BAP 
measures theenzymatic activity of osteoblasts; U-DPD is 
a product of collagen maturation, and S-OC is a calcium- 
binding protein of bone and an abundant non-collagenous 
protein in mineralized tissue. 


@ Lower levels of S-OC can be correlated with the 
clinical attachment loss. It could reflect a lower level 
of bone metabolism especially in elderly individuals. 


Biomarkers in Gingival crevicular fluid (GCF): 


Gingival crevicular fluid (GCF) arises at the gingival margin 
and is otherwise termed transudate or exudate. The flow 
rate is related to the degree of gingival inflammation, and 
a rate of 0.05 to 0.20 uL per minute was reported during 
minimal inflammation. 


While in healthy sites GCF represents a transudate 
of interstitial tissues, in the course of gingivitis and 
periodontitis, it is transformed into a true inflammatory 
exudate. An increased GCF flow rate from gingival sulcus 
is an early sign of clinical inflammation. 


GCF is considered to develop an important protective 
role in the defense mechanisms of gingival sulcus through 
the presence of defensive substance, such as PMN- 
neutrophils, and through mechanical properties, such as 
the flushing action, capable of removing carbon particles 
and bacteria from the gingival sulcus. Taken together, these 
findings suggest that the absence of GCF in the absence 
of mechanical stimulation would represent gingival health 
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while its presence in the absence of mechanical stimulation 
would represent gingival inflammation. 


GCF component analysis is a non-invasive method to 
study the cellular response of the underlying periodontal 
ligament. GCF could be sampled according to extra- and 
intra-crevicular methods. 


Significance: 


@ Flow rate and resting volumes of GCF were higher 
in the maxillary sites when compared to those of the 
mandibular sites. 


@ Raised levels of GCF have been reported as the first 
sign of developing gingival inflammation. 


@ Stewart et al. suggested that crevicular fluid 
measurement should be viewed as an objective 
indicator of the degree of periodontal tissue 
inflammation. 


@ GCF contains infiltrates from adjacent gingival tissue 
that enter the gingival crevice, the enzyme activity in 
GCF reflects that in the gingival tissue. Inflammatory 
cytokines such as IL-18 and TNF-a induced, whereas 
an anti-inflammatory cytokine, TFG-B, inhibited the 
synthesis and secretion of Il-PLA,. They are present 
in GCF and levels of IL-IB in gingival tissue correlate 
well with disease activity of periodontitis. 


@ Lactate Dehydrogenase (LDH), an enzyme normally 
limited to the cell cytoplasm, is released 
extracellularly only after cell death. Earlier studies 
have demonstrated that LDH in gingival crevicular 
fluid is significantly related to gingival inflammation 
and periodontal tissue destruction. LDH activity in 
the gingival crevicular fluid has been proposed as a 
potential marker for monitoring periodontal 
metabolism. 


@ GCF component analysis is a non-invasive method to 
study the cellular response of the underlying 
periodontal ligament. GCF flow is increases as 
inflammation increases and analysis of GCF 
components is used as a diagnostic tool for 
periodontitis. 


@ An increase in GCF flow rate could be an indicator 
of inflammation, even though, the tissues appear 
clinically normal. 

@ Drugs that are secreted in GCF may be used 


advantageously in periodontal therapy. a 
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<> Tetracycline has been found 10 times higher 
in concentration in GCF compared to its 
concentration in plasma. 


<> Metronidazole is secreted from GCF and found 
to be twice the concentration in plasma. 


@ Identification of C-Reactive proteins and other 
inflammatory biomarkers in GCF could be an 
indicator of systemic inflammation. 


@ The levels of alkaline phosphatase (ALP), in GCF, 
could be an indicator forpubertal growth spurt. 


@ Concentrations of ALP showed a positive correlation 
with clinical attachment loss and in sites of active 
periodontal disease. 


@ Viruses including Human Cytomegalovirus, Herpes 
simplex virus and Epstein-Barr virus has been 
identified in GCF of periodontitis patients. 


¢ Aspirin-triggered lipoxins (|5-epi-lipoxin-A4) are 
intermediates of PGE2, which bind to cells and help 
in resolution and healing. After administration of 
aspirin for 7 days, 500fold higher concentrations of 
these lipoxins were noted in GCF. 


@ Infrared spectroscopy can be used in diagnosis for 
disease-specific signatures in periodontal disease. 


@ Higher concentrations of IL-1 were noted in GCF 
samples at sites of periodontitis. lt could be correlated 
with bleeding on probing and pocket depth. 


@ Increased amounts of MMP-I, -2, -3, -8, -9 and -13 
has been noted in GCF and gingiva of periodontitis 
patients. 


@ Stem cell factor (SCF/kit ligand/mast cell growth 
factor/steel factor) is an inflammatory mediator and 
its levels in GCF are higher in chronic periodontitis. 


Salivary biomarkers: 


Analysis of biomarkers from GCF is a tedious procedure 
to assess a sample of limited quantity. Hence, it cannot be 
employed for widespread usage. 


Saliva is complex medium containing secretions from 
salivary glands, GCF and components of diet along with 
plaque and oral flora. Due to its abundance and easy access, 
saliva is a potential tool to analyze biomarkers for various 
diseases. The salivary collection is non-invasive and well 
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tolerated by patients. Even systemic diseases like cancer, 
cardiovascular diseases, diabetes mellitus, rheumatoid 
arthritis, viral infections, bacterial infections and HIV can 
be detected from saliva. 


Reliable biomarkers could identify periodontal disease in 
its early phases and thus preventive treatment could be 
started. 


@ Can be applied in large, epidemiological surveys as it 
is simpler than radiographical examination. 


@ Whole saliva represents the disease status of the 
whole mouth while GCF represents individual disease 
sites. 


@ Can demonstrate various phases of progression of 
periodontal disease. 


@ Can be used to assess caries risk. 


Role in periodontal disease: 


Inflammatory mediators are released from inflamed 
periodontium and could be detected in saliva. he qualitative 
changes in the composition of these biomarkers could 
be diagnostic in nature. There are 4 distinct pathways for 
periodontal destruction including plasminogen-dependent, 
phagocytic, and osteoclastic and MMP pathways which can 
be detected in saliva and GCF. 


Based on the published studies, they can be grouped as 

@ Robust biomarkers that show disease discrimination 
and are clinically proven. 
<> IL-IB 
<> LDH 
<> AST 
<> HGF 
<> MMP-8, MMP-9 
<> TIMP-| 

@ Potential biomarkers with positive correlation and 
less contradictory reports 
<> sCDI4 
<> MIP-lo 
<> IL-6 
<> Procalcitonin 


~~ C3 
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<> ALP/A:T 

<> MMP-2 

< £-glucuronidase 

<> Glutathione peroxidase 


@ Uncertain biomarkers with single positive study but 
several contradictory reports 


<> IL-4, -6, -8, -13,-17 
<> GM-CSF 
<> Calprotectin 
< RANKL 
<> Osteonectin 
<> Osteocalcin 
<> CRP/C4 
<> MMP-I, -3.-14 
<> sTLR2 
<> Cystatin 
<> Lysozyme 
@ Unlikely biomarkers with many negative reports 
<> TNF-a 
<> IL-2, -3,-10,-12 
<> OPG 
<> |ICTP 
@ Other biomarkers in saliva: 
~~ Ca2t+ 
<> Cortisol 
<> Hydrogen sulphide 
<> 8-hydroxy-deoxyguanosine 
<> Platelet activating factor 
<> Growth factor 
< Fibronectin 
<> Immunoglobulins 
<> Lactoferrin 
<> Blood glucose 


<> High sensitivity (hsCRP) — 
cardiovascular risk 


<> B-hexosaminidase (8 -HEX A% or B%) 


also identifies 
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Proteomic biomarkers: 


Proteomic analysis of saliva by recent protein separation 
and spectrometry methods have identified markers for 
Sjogren’s syndrome and oral cancer. Most saliva samples 
could be identified with acute phase proteins and 
inflammatory regulators. There were variations in salivary 
samples taken during disease and after therapy when 
compared with healthy controls. 


@ The increased values for q-amylase, lactoferrin, 
lgG2, IgA2 and albumin in generalized aggressive 
periodontitis. 


@ The decrease in elongation factor 2, |4-3-3 sigma, 
lactotransferrin, PLUNC-2 was noted in generalized 
aggressive periodontitis. 


@ Increased Vitamin D-binding protein in localized 
aggressive periodontitis. 


@ The Increase in a-amylase, lg heavy chain and albumin 
with decreased cystatin levels were noted in chronic 
periodontitis and gingivitis. 


@ The Increase in MMP-9, MMP-9, @2-microglobulin 
and complement C3 were high in periodontitis. 


@ The decrease in salivary markers could be noted in 
smokers. lt could be due to reduced flow of GCF and 
direct effect on inflammatory cells. 


@ Serum elastase levels are increased in aggressive 
periodontitis. 


@ There is an increase in acute phase reactant protein 
like fibrinogen and CRP in advanced periodontitis. 


Stress markers in blood and saliva: 


Stress is a state of physiological or psychological strain 
caused by adverse stimuli, physical, mental or emotional, 
internal or external that tends to disturb the functioning 
of an organism and which an organism naturally desires to 
avoid. 


Stress is often classified as acute and chronic types. Acute 
stress lasts for a period of minutes to hours, whereas 
chronic stress persists for several hours, a day, weeks 
or even months. Stress affects Hypothalamus-Pituitary- 
Adrenal (HPA) axis and autonomous nervous system and 
inducesrelease of cortisol, catecholamines, chromogranin 
A and substance P. 
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Periodontal disease is also a manifestation due to altered 
immune response modified by stress. 


@ Glucocorticoids like cortisol can be detected in 
blood, saliva, and GCF. It reflects the activity of HPA 
axis. 


@ Salivary a-amylase is an indirect indicator of 
autonomous nervous system activity. 


A 
of 


@ Salivary catecholamines and chromogranin 
are indicators for the activity 
Sympathetic-Adrenomedullary system (SAM). 


Future challenges: 


There should be controlled, clinical studies to monitor 
the efficiency of these salivary biomarkers in monitoring 
periodontitis. Most of the reported studies are cross- 
sectional in nature. As periodontitis progresses as phases 
with periods of burst/episodes of activity and quiescence, 
longitudinal studies with these biomarkers are conclusive. 


Saliva collection protocol should be standardized to account 
for variations in salivary flow rate, stimulated/unstimulated 
saliva or whole saliva or saliva from individual glands. Some 
studies use oral rinse protocol for sample collection. 


ELISA, Microfluidic systems (can analyze low volume 
samples), Micro-Electro-Mechanical systems (MEMS) 
— (miniaturized chairside and handheld devices for 
analysis without need of lab facilities), Nanoelectrofluidic 
systems (NEMS) and multiplex analysis (Analyzes multiple 
biomarkers with data storage and transmission) are used 
for analyses of salivary biomarkers. Future devices should 
have high throughput, automation, portable, low cost, high 
functionality and simplicity of use. 


Acute phase proteins: 


Host response leads to tissue destruction by the 
production of acute phase proteins, cytokines, and 
prostaglandins. The acute phase response is a non- 
specific process that may occur in the initial host 
response to injuries, infections, ischemic necrosis or 
malignancy. It is initiated by activation of local 
macrophages, fibroblasts, and endothelial cells. Its 
functions include pro-inflammatory properties, activation 
of complements, neutralization of pathogens, and 
stimulation of repair and regeneration of tissues. 
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Acute phase proteins and plasma proteins are present 
in acute inflammation and in long standing, chronic 
infections. They could be used as markers for evaluation 
of periodontitis. Pentraxins and fibrinogen are acute phase 
reactants mediating periodontal disease. 


Pentraxins (PT Xs) area superfamily of acute-phase proteins. 
They are essential for humoral immunity. Short PTXs like 
C-reactive protein and serum amyloid P component are 
produced mainly in the liver in response to inflammatory 
stimuli like IL-6. 


PTX3 is a long PTX produced by neutrophils, fibroblasts, 
monocytes/macrophages, dendritic cells, epithelial cells, 
endothelial cells and vascular smooth muscle cells. It is low 
in normal conditions (<2 ng/ml) and increases rapidly in 
inflammation and infections to (200-800ng/ml) within 6-8 
hours. 


PTX3 could be detected in GCF as a diagnostic marker in 
periodontitis, especially during active phases of the disease. 


C-reactive protein: 


It is a Type-l acute phase reactant plasma protein in 
response to inflammatory stimuli. It is a non-specific 
protein that increases in response to any heat, trauma, 
infection and hypoxia.IL-6 induced from _ periodontal 
pockets mediates the production of CRP and other 
acute phase proteins from the liver. 


It was initially detected as a precipitate with C- 
polysaccharide extract of Streptococcus pneumoniae. 


IL-6 is a major regulator of CRP synthesis. As IL-6 is 
increased in periodontitis, it can influence CRP levels. 


@ Normal quantity is in mg/l, but it increases to greater 
than 100g/ml within 72 hours of tissue injury. Its 
value decreases after therapy or reduction of disease 
activity. 

@ It isa key marker for atherosclerosis, and it is an early 
marker for tissue damage. 


@ Higher levels are correlated with cerebrovascular 
accidents, pre-eclampsia and pre-term low birth 
weight infants. 


@ It has many pro-inflammatory effects like 


<> It can bind to exposed ligands on damaged 
tissue and then activate complements, leading to 
complement-mediated tissue injury 
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<> Amplify inflammation and enhance tissue damage. 


<> Potentiation of cytokines and cell adhesion 
molecules in endothelial cells 


<> Enhance opsonization 


e Inactivation of microbes, as a part of host 
defense 


e Phagocytose host cell material like nuclear 
constituents. 


@ Its levels can be influenced by smoking, diet and 
body mass index. 


@ Its levels are increased in Hypertension, Type 2 
diabetes, obesity and metabolic syndrome. 


@ CRP levels could be reduced by statins — drugs used 
to control hyperlipidemia. 


@ Higher values of CRP is positively correlated 
with thesevere periodontal disease both chronic 
periodontitis and aggressive periodontitis. 


@ Some studies have not found any change in CRP levels 
before and after periodontal therapy. 


@ If hsCRP is <I mg/L — low risk, <I-3mg/L — 
moderate risk and >3 mg/L is associated with higher 
cardiovascular risk. 


@ Levels of CRP in GCF are less accurate than serum 
estimation. 


@ Microchip assays of CRP in human saliva revealed 
higher levels of CRP in chronic periodontitis. 


@ Elevated IgG titre to Pgingivalis and Pintermedia was 
associated with higher serum CRP levels but not with 
AAC. 


@ Higher CRP levels correlated with extensive tooth 
loss and high attachment loss 


@ Serum CRP levels reduce with periodontal 
maintenance or plaque removal by local periodontal 
therapy or complete extraction of teeth. 


Antimicrobial peptides: 


Epithelium and neutrophils can produce anti- 
microbial peptides including four families, (a- 
defensins, B-defensins, cathelicidins, and saposins). 
They are also identified in saliva and region of the 
dento-gingival junction. They have activity against 
gram-positive and gram-negative bacteria, yeast and 
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viruses. They form pores on the microbial surface and 
help antimicrobial agents in saliva like histatins, 
lysozyme, and lg. 


Human B-defensins (HBD): 


These are small, cationic, broad-spectrum antimicrobial 
peptides secreted by skin and mucosal epithelial cells. It is 
a cathelicidin-type antimicrobial peptide (LL37) that kills 
periodontal pathogens. 


It can activate immature dendritic cells and memory 
T-cells. They can be degraded and inactivated by cysteine 
proteases like Cathepsin B, L and S. They could be a 
marker for epithelial differentiation. | Neutrophils 
expressing LL37 were few in health and their numbers 
increased in inflammation. 


@ HBD-I, -2 and -3 are detected in healthy tissues like 
normal gingiva. The expression is also noted on 
gingival margins, adjacent to plaque formation and 
inflamed sulcular epithelium. 


@ HBD-I and -2 are expressed strongly on the gingival 
epithelial surface as a part of bacterial defense. 


¢ Their expression is decreased in inflamed tissues. 
Bone remodeling: 


Bone remodeling and homeostasis are regulated by 
osteogenic cytokines, growth factors and hormones 
that influence osteoblasts and osteoclasts. TNF family 
molecule- Receptor Activator of Nuclear factor-«B Ligand 
(RANKL), its receptor RANK and its natural antagonist 
Osteoprotegerin (OPG) are regulators of bone remodeling. 
They induce differentiation, activation and survival of 
osteoclasts and osteoclast precursors. 


The binding of RANKL to RANK on preosteoclasts 
initiates the differentiation and proliferation of these cells. It 
promotes multinucleation, osteoclast fusion, and activation. 
The activation of the RANKL-RANK pathway suppresses 
osteoclast apoptosis, thereby increasing the number of 
activated osteoclasts. On the other hand, OPG, a soluble 
neutralizing receptor inhibits this pathway by binding to 
RANKL. They play essential roles in the development and 
maintenance of bone. 


IL-1, -6, -10 and TNF-a regulate the expression of OPG, 
RANKL, and MMP-8 in periodontal tissues. The imbalance 
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is also noted in osteoporosis, and 


post-menopausal bone loss. 


Mice lacking RANKL, RANK, and Macrophage CGF 
show osteopetrosis due to adefect in osteoclastogenesis. 
Thus RANKL-RANK/OPG axis along with “RANKL and 
Cytokine Interactions Network - RACIN” is the central 
pathway that controls the formation of osteoclasts in 
periodontium. 


osteopenia, 


Active osteoclasts are defined as multinucleated giant 
cells expressing Tartrate resistant acid phosphatase 
(TRAP), calcitonin receptor, Cathepsin-K and 
integrins a B; and capable of dissolving bone matrix. 


Higher levels of RANKL and lower OPG levels are detected 
in periodontitis compared to healthy gingiva. Activated 
CD4+T cells express RANKL leading to alveolar bone loss 
in periodontal disease. Injection of OPG led to reduced 
bone loss in periodontitis. 


Dendritic cells aggregates with T-cells through RANK- 
RANKL signaling. The balance between Thl and Th2 
cytokines with RANKL-RANK is responsible for osteoclast 
formation and bone remodeling. CDI Ic+ dendritic cells 
can act like osteoclast precursors during immune reaction 
with CD4+ T cells. 


Calprotectin belongs to SI00 protein family and is 
expressed in cytosol of neutrophils, monocytes, activated 
macrophages, and _ keratinocytes. Higher levels of 
calprotectin are detected in GCF of periodontitis patients. 


Osteocalcin is a calcium binding protein in bone that 
is dependent on Vitamin K and D. It is produced by 
mature osteoblasts, osteocytes, and odontoblasts. It can be 
detected in the extracellular mineralized bone matrix and 
in serum. It regulates osteoblast function, regulation of 
bone turnover and mineralization. 


Markers of bone resorption include breakdown products of 
Type | collagen and reflect osteoclastic activity. N-terminal 
cross-linked peptide (NIx) is released during bone 
resorption and could be detected in serum or urine. 


Alkaline phosphatase (ALP) is a membrane-bound 
glycoprotein released by PMNs during inflammation, 
osteoblasts during bone formation and PDL fibroblasts 
during regeneration. It has a dual role in inflammation and 
in healing. It is stored in specific granules and released 
during migration towards infection. It also allows bone 
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mineralization by releasing organic phosphate and 
hydrolyzing inorganic pyrophosphate which _ inhibits 
hydroxyapatite crystal formation. The levels of ALP in 
GCF was three times than serum in periodontal disease. 
It had a significant correlation with pocket depth, clinical 
attachment loss and in sites of active disease. 


Reactive oxygen species (ROS) and 
antioxidants in periodontitis: 


They play crucial roles in normal physiological 
processes including response to growth factors, the 
immune response and apoptosis of damaged cells. They 
are important for bactericidal activity. 


Free radicals have been defined as any species 
capable of independent existence that contain one 
or more unpaired electrons. (Karlsson, J, 1997) 


True free radicals includes superoxide hydroxyl 
(O2:°-), perhydroxyl (HO2s-), hydroperoxyl (HOOs), 
alkoxyl (ROs), aryloxyl (ArOs), arylperoxyl (ArOOs), 
peroxyl (ROO+s-), acyloxy] (RCOQOs) and acylperoxyl 
(RCOOOs), whereas ROS includes hydrogen peroxide 
(H202), hypochlorous acid (HOC), singlet oxygen 
(102), and ozone (O3). 


True free radicals include superoxide hydroxyl 
anion, hydrogen peroxide, hydroxyl radicals, and singlet 
oxygen. 


They are primarily released from respiratory burst by 
activated phagocytes. They have extremely short half-lives 
(10-9 to 10-10 seconds) but still induce tissue damage by 
free radical chain reactions. 


They are also highly toxic and destructive when 
generated during the respiratory burst leading to 
tissue damage and diseases associated ~~ with 
phagocytic infiltration. They can produce _ protein 
folding, unfolding of proteins, fragmentation, and 
protease degradation. They can degrade lipids by 
peroxidation. They also induce DNA damage. 


Anti-oxidants are “those substances which when 
present in lower concentration are compared to 
those of oxidizable substrate, will significantly delay 
or inhibit oxidation of that substrate.” (Halliwell 
&Gutteridge, 1995) 


Antioxidants offer protection against ROS _ by 
preventing formation, intercepting and scavenging reactive 
molecules, repairing damage and complement other 
antioxidants. They are present intra-cellular, extra- 
cellular and membrane-associated. 


Periodontics & Oral Implantology 


Chapter 12 


They can be classified as, 
@ Preventative anti-oxidants: 


<> Anti-oxidant enzymes — Superoxide dismutase, 
Catalase, Glutathione peroxidase 


<> DNA repair Poly ADP-Ribose 
Polymerase 


enzymes — 


<> Metal ion sequestrators — Albumin, Lactoferrin, 
Transferrin, Uric acid 


@ Scavenging antioxidants: Ascorbate, Carotenoids, 
Polyphenols,etc 


Superoxide dismutase is a metalloenzyme which _ is 
a powerful antioxidant. It converts O,- into H,O, and 
O,. Anaerobes usually lack superoxide dismutase and 
catalase, which scavenge these reactive species. The 
variations in production of these enzymes could be a 
virulence factor for such pathogens. 


The loss of balance between ROS and antioxidant 
defense is an etiological factor for periodontal disease. It 
can present as, 


@ Increase in oxidative stress 
@ Reduction of total antioxidant capacity 
@ Decrease in levels of individual antioxidants. 


Uric acid is a major antioxidant in saliva and contributes 
70% of total salivary antioxidant capacity. Uric acid levels 
vary with severity of periodontitis. A decrease in uric acid 
levels are noted in gingivitis and periodontitis. 


Lower serum levels of Vitamin C, E and glutathione, has 
been detected in periodontitis patients. 


Antioxidant therapy with lycopene, zinc and selenium can 
be initiated as an adjunct to periodontal treatment. 


Review Questions: 


Essay Questions: 


|. Discuss the role of GCF asamarker for theperiodontal 
disease. 


2. Discuss role of interleukin-| periodontal disease 


3. What is a cytokine? Describe the role of cytokines in 
periodontal disease. 


4. Describe the complement activation and its role in 
the pathogenesis of periodontal disease. 
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Short notes: 
5. Neutrophils. 
6. Phagocytosis 
. Salivary markers for periodontal disease. 
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8. C-reactive protein. 

9. Host modulation in periodontal therapy. 
0 


10. Interleukins 

| 1. Cellular basis of inflammation 

[2. Chemotaxis 

13. Immunoglobulins. 

14. Matrix Metalloproteinases (MMP): 

15. Tissue Inhibitor of Matrix metalloproteinase (TIMP): 
16. Mast cells. 
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Chapter Outline 


¢ Classification of Periodontal pocket ¢ Root surface wall 

¢ Clinical features ¢ Detection of pockets 

¢ Histopathologic features ¢ Relation of loss of attachment and bone loss to pocket depth 
¢ Pathogenesis of pockets ¢ Treatment 

¢ Micro-topography of the gingival pocket wall ° Review Questions: 

¢ Pocket contents ¢ Principal references and suggested further reading: 


The periodontal pocket is defined as a 
pathologically deepened gingival sulcus. (Carranza) 


It is the primary and definitive sign of all forms of 
periodontitis except necrotizing ulcerative periodontitis. 


Classification: 


According to the morphology: 


|. Gingival Pocket (Pseudo pocket or False pocket or 
Relative pocket): This type of pocket is formed by 
gingival enlargement without destruction of the 
underlying periodontal tissues. The sulcus is 
deepened because of the increased bulk of gingiva 
especially of the marginal gingiva. Pathological 
changes are confined to the gingival compartment. 





Fig 13.1: Gingival Pocket 


Gingival pocket: A pathologically deepened 
gingival crevice that does not involve loss of 
connective tissue attachment. Frequently 
observed when there is_ gingival enlargement. 
(Glossary of Periodontal terms, 2001) 
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Fig. 13.2: Gingival Pocket 
PSEUDO POCKET: A_ deepening of the 


gingival crevice resulting primarily from an increase 
in bulk of the gingiva without apical migration of 
the junctional epithelium or appreciable destruction 


of the underlying tissue. (Glossary of Periodontal terms, 


2001) 
Pocket (True pocket or Absolute 


pocket): This is the type of pocket that occurs with 
the destruction of the supporting periodontal tissue. 
Loss of attachment can be measured. The pathological 
changes have reached beyond the confines of the 
gingival compartment; its base has advanced apically. 


Periodontal Pocket is defined as “A pathologic fissure 
between a _ tooth and the crevicular epithelium, and 
limited at its apex by the junctional epithelium. It is an 
abnormal apical extension of the gingival crevice caused by 
migration of the junctional epithelium along the root as the 
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Fig. 13.4: Periodontal pocket 


According to the involvement of tooth surfaces: 


Simple Pocket: Pocket may involve only one tooth 
surface. In such a case, there is free communication 
between the base of the pocket and the surface. 


Compound Pocket: Two or more tooth surfaces 
are involved. There is direct communication between 
the base of the pocket and the gingival margin on 
each of the involved surface. Pockets can be of 
different depths and types on different surfaces of 
the same tooth and approximating surfaces of the 
same interdental spaces. 


- Complex Pocket: It is a spiral originating on one 


tooth surface and twisting around the tooth to 
involve one or more additional surfaces. The only 
communication with the gingival margin is at the 
surface where the pocket originates. These types are 
most common in furcation areas. 


periodontal ligament is detached by a disease process, According to the relationship to the adjacent 
tissue: 


(Glossary of Periodontal terms, 2001) 





Fig. 13.3: Periodontal pocket 


Y 


Suprabony pocket (Supracrestal or supraalveolar): 
The bottom of the pocket is coronal to the alveolar 
bone crest. It is seen along with horizontal bone 
loss. 


SUPRA BONY POCKET: A __ periodontal 
pocket with a base coronal to the alveolar bone. 
(Glossary of Periodontal terms, 2001) 


Infrabony pocket (Intra bony, subcrestal or 
intraalveolar): The base of the pocket has progressed 
apical to the alveolar bone crest and is laterally bound 
by it. Hence is seen along with vertical bone loss. 


Periodontics & Oral Implantology 


Chapter 13 


INTRABONY POCKET: A _ periodontal pocket 
that extends into an intrabony periodontal defect. 
(Glossary of Periodontal terms, 2001) 


According to the 
number of bony walls 


According to the shape 





Two-wall bony pocket. 





Fig. 13.5: Infrabony pocket 


|. Three-wall bony pocket have a remaining proximal wall, 
a buccal and a lingual wall. It has better prognosis. 


2. Two-wall bony pocket has two remaining bony 
walls. 


3. One-wall bony pocket has a remaining wall and is nota 
good candidate for periodontal regenerative 
procedures. 


Periodontal Pocket )) 


4. Cup-shaped defect. 


With the increase in the number of walls and 
decrease in the width of the defect, the prognosis 
improves. 


A periodontal pocket can at times be oedematous 
and at times fibrotic. Moreover, it can be at times 
associated with clinical signs of inflammation where 
it is referred to as active and in the intermittent 
phase of quiescence, it is termed as passive. 
Periodontitis is a chronic inflammatory condition, 
and a repair component is familiar finding in 
chronic diseases. Hence, long-standing pockets 
often appear fibrotic. Thus the terms fibrotic, 
oedematous, active and passive represents bouts 
of disease activity and presentation rather than 
certain types of periodontal pocket. It is worth 
noting that, in particular, chronic periodontitis is a 
cyclic disease state with cycles of progression and 
stability. 


Table | 3-1: Differences between suprabony and infrabony pocket 


Bie Suprabony pocket Infrabony pocket 


| The base of the pocket is coronal to the level of The base of the pocket is apical to the level of alveolar 


the alveolar bone. bone. 


2 The pattern of the underlying bone destruction The pattern of underlying bone destruction is vertical 


is horizontal. 


3 Interproximally the transseptal fibers that are 


(angular). 


Interproximally the transseptal fibers that are restored 


restored during progressive periodontal disease during progressive periodontal disease are arranged in an 


are arranged horizontally between the base of 
the pocket and alveolar bone. 


4 — On the facial and lingual surface, the periodon- 


oblique direction and extend from the base of the pocket 
to the adjacent tooth. 


tal ligament fibers beneath the pocket follow 
the normal horizontal oblique course between 
the tooth and bone. 


Clinical features: 


Clinical signs: 


|. Enlarged bluish red marginal gingiva with a rolled 
edge separated from the tooth surface. 


2. A reddish-blue discoloration of the gingival margin 
seen extending upto the attached gingiva. 


On the facial and lingual surfaces, the periodontal ligament 
fibers beneath the pocket follow an angular pattern similar 
to the adjacent bone. 


3. A break in the continuity of the interdental gingiva. 


4. Shiny, discoloured, puffy gingiva associated with 
exposed root surface. 


Gingival bleeding on gentle probing. 


Dn 


. Purulent exudate (pus) appears spontaneously or on 
application of digital pressure. 


7. Looseness, extrusion and migration of the teeth. 
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Symptoms: 


8. 


Localized pain or sensation of pressure after 
eatingwhich gradually decreases. 


Foul taste in localized areas. 


. A tendency to suck material from the interproximal 


surfaces. 


. Radiating pain deep into the bone. 
. A gnawing pain or feeling of itchiness in the gums. 


. An urge to dig a pointed instrument into the gums 


with the relief obtained from the resultant bleeding. 


. Complains that the food sticks between the teeth 


and preference to eat on the other side. 


. Sensitivity to heat and cold, toothache in the absence 


of caries. 


Histopathologic features: 


Inflammation: 


¢ Inflammatory 
invasion of the 
connective tissue 
apical to junctional 
epithelium 


The discoloration is caused by circulatory stagnation, 
the flaccidity, by destruction of the gingival fibers and 
surrounding tissues, the smooth, shiny surface, by the 
atrophy of the epithelium and oedema, the pitting on 
pressure, by oedema and degeneration. 
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2. In such cases, fibrotic changes predominate over 
exudation and degeneration, particularly in relation 
to the outer surface of the pocket wall. However, 
despite the external appearance of health, the 
inner wall of the pocket invariably presents some 
degeneration and is often ulcerated. 


3. Ease of bleeding results from increased vascularity, 
thinning and degeneration of the epithelium, and 
the proximity of the engorged vessels to the inner 
surface. 


4. Transmigration of polymorphonuclear leukocytes 
through the pocket epithelium. 


5. Loss of collagen and invasion of subepithelial 
connective tissue compartment by inflammatory 
leukocytes. 


6. Pain on tactile stimulation is due to ulceration of the 
inner aspect of the pocket wall. 


7. Pus occurs in pockets with suppurative inflammation 


of the inner wall. 


Pathogenesis of pockets: 


The periodontal pocket formation is initiated by the 
microbial assault on the tissues along with the susceptible 
host response. 


Fig. 13-6: Pathogenesis of periodontal pocket 
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Fig.|3-7: Pathogenesis of gingival pocket 


In association with the inflammation, the junctional 
epithelium proliferates along the root surface (apically), 
and the coronal portion detaches from the root due to 
increased inflammatory cells and oedema causing further 
detachment coronally and migration apically. With 
continued inflammation, the gingiva increases in bulk and 
the gingival margin extends toward the crown surface. The 
junctional epithelium continues to migrate along the root 
and separate from it. Extension of inflammation into the 
epithelium takes place causing degeneration and necrosis. 
The junctional epithelium continues to migrate along the 
root and separate from it. The epithelium of the lateral 
wall of the pocket proliferates to form bulbous, cord-like 
extensions into the inflamed connective tissue. Leukocytes 
and oedema from the inflamed connective tissue infiltrate 
the epithelium lining the pocket resulting in various degrees 
of degeneration and necrosis. Pocket epithelium is a unique 
pathological setting continuously challenged by accumulating 
plaque mass and insulted by the periodontopathic bacteria. 
The formation of a periodontal pocket is an irreversible 
process. Mature periodontal pockets appear to be plasma 
cell-dominated lesion mediated by Th2 cells. 


a 





Fig. 13-8: Pathogenesis of periodontal pocket 
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Tablel3-2: Correlation between clinical features and 


histopathological features of periodontal pocket 


ad Hi hologi 
Clinical features istopathologic 
features 


| Gingival wall of the peri- Circulatory stagnation, 

odontal pocket may show destruction of gingival 

bluish red discolouration, fibers, atrophy of epi- 

flaccidity, pitting on pres- thelium and oedema. 

sure. Oedema and degen- 
eration. 


2 The gingival wall is pink 
and firm. 


Fibrotic changes pre- 
dominate over exuda- 
tion and degeneration. 


Bleeding on probing. Increased vascularity. 


Ulceration of the inner 
aspect of the pocket 


4 Pain on probing. 


wall. 
5 _Exudation on the applica- Suppurative —_ inflam- 
tion of finger pressure. mation of the pocket 
wall. 


MICRO-TOPOGRAPHY OF THE GINGIVAL 
POCKET WALL: 


Scanning electron microscopy reveals the following areas. 
|. Areas of relative quiescence. 

Areas of bacterial accumulation. 

Areas of emergence of leukocytes. 

Areas of leukocytes-bacterial interaction. 

Areas of intense epithelial desquamation. 


Areas of ulceration. 


+ Ye eS eS 


Areas of haemorrhage. 
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Pocket contents: 


Periodontal pockets contain debris that is principally 


|. Microorganisms and their product (enzymes, 
endotoxins): The micro-organisms at each level in 
the pocket are different and are associated with 
the concomitant plaque. Subgingival spirochaetes 
on a given root surface significantly increased 
apically. Pocket depth and pocket oxygen tension are 
inversely related. Pockets are increasingly populated 
by anaerobic microorganisms towards the base with 
deeper pockets being increasingly associated with 
anaerobic bacteria. 


Gingival crevicular fluid-exudate. 
Food remnants. 
Salivary mucin. 


Desquamated epithelial cells. 


= a 


Leukocytes: Presence of Polymorphonuclear 
neutrophils is a consistent finding adjacent to the 
pocket-lining epithelium, and they migrate through 
this pocket lining epithelium and into the gingival 
sulcus where they form a barrier between the plaque 
biofilm and the tissues. 


7. Yeast: Candida albicans is a common finding in saliva 
and oral mucosa of healthy individuals. The presence 
of yeasts esp Candida spp in periodontal pockets has 
regularly been noted. However, the exact role played 
by them if any is still unclear. 


Plaque-covered calculus usually projects from the tooth 
surface. Purulent exudates (Pus) if present, consists of 
living, degenerated and necrotic leukocytes, living and dead 
bacteria, serum and fibrin. The presence of pus signifies 
an ongoing destructive process and is a secondary sign. 


PURULENT EXUDATE: #$ Characterized by 
an abundance of polymorphonuclear leukocytes, 
resulting in pus formation at the site of injury. 
(Glossary of Periodontal terms, 2001) 


Root surface wall: 


The root surface wall of the periodontal pockets often 
undergo changes that are significant because they may 
perpetuate the periodontal infection, cause pain and 
complicate periodontal treatment. 


(ey 
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Structural changes: The following structural changes 
in cementum are seen. 


a. The presence of pathologic granules; Areas of 
collagen degeneration or areas where collagen 
fibrils have not been fully mineralized. 


b. Areas of increased mineralization: As a result of 
an exchange, upon exposure to the oral cavity 
of minerals and organic components at the 
cementum-saliva interface. 


c. Areas of demineralization: They are probably 
related to root caries. Exposure of oral fluid 
and bacterial plaque results in theproteolysis 
of the embedded Sharpey’s fibers, cementum, 
may be softened and undergo fragmentation 
and cavitation. Root caries tends to progress 
around rather than into the tooth. Active root 
caries lesions appear as well defined yellowish or 
light brown areas, covered by plaque and have a 
softened or leathery consistency on probing. The 
predominant organism is Actinomyces viscosis. The 
tooth may be painful, but an exploration of the 
root surface reveals the presence of the defect 
and penetration of the involved area with a 
probe cause pain. Caries of the root may lead to 
pulpitis, sensitivity to sweets and thermal changes 
or severe pain. Pathologic exposure of the pulp 
occurs in severe cases. Root caries may be the 
cause of toothache inpatient’s with periodontal 
disease and no evidence of coronal decay. 


Chemical changes: The mineral content of cementum 
is increased. Following minerals are increased on 
the diseased root surface; Calcium, Magnesium, 
Phosphrous and Flourine. Exposed cementum may 
absorb them from its local environment, making 
possible the development of a highly calcified layer 
resistant to decay. This ability of cementum to absorb 
substances from its environment may be harmful if 
the absorbed materials are toxic. 


Cytotoxic changes: Bacterial penetration into the 
cementum is seen. In addition, bacterial products 
such as endotoxins have also been detected. 
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Detection of pockets 


@ The periodontal probe (graduated). Six points 


(mesiobuccal, mid-buccal, distobuccal, distolingual, 


mid-lingual and mesiolingual) along each tooth are 
probed. Three sites per tooth (MB, B, DL) have been 
advocated for large-scale epidemiological purposes 
as they showed very small bias in estimating disease 
severity and were quite sensitive in estimating disease 
severity. Moreover, it was also shown right-handed, 
and left-handed persons probe similarly. Pocket 
probing can be at times painful especially when the 
pockets are inflamed. In cases of mobile teeth and 
teeth with inflamed gingiva, the probing measurements 
may be exaggerated due to lesser resistance offer 
by the underlying supracrestal tissue. Probing with 
a manual probe has a resolution of | mm, and 
that with electronic probes may have a resolution of 
up to 0.2 mm. 


@ Pockets are not detected by radiographic examination 
as the pocket is a soft tissue change. So radiographs 
detect the areas of bone loss where pockets may be 
suspected, and they do not show pocket or depth. 
Radiographs may show horizontal as well as vertical 
bone loss. Deep intra bony pockets can seldom be 
without radiographic changes. 


@ Guttapercha points or calibrated silver points can be 
used with radiograph 


Relation of loss of attachment and bone loss to 
pocket depth: 


The severity of attachment loss is correlated with the depth 
of the pocket. The degree of attachment loss (recession) 
depends on the location of the base of the pocket on the 
root surface.Whereas the depth is the distance between the 
base of the pocket and the crest of the gingival- so pocket 
of the same depth may be associated with different degrees 
of attachment loss. In addition, pocket of different depths 
may be associated with the same amount of attachment 
loss. The severity of bone loss is correlated with pocket 
depth (but not always). The extensive bone loss may be 
associated with shallow pocket, and slight bone loss can 
occur with deep pockets. The radius of the action of the 
plaque bacteria is 0.5 to 2.5mm i.e. this distance is generally 
observed between the plaque front and the alveolar bone. 
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Treatment: 


@ Residual pockets with Pocket depth 2 6mm were 
risk factors for both disease progression and tooth 
loss. Practical implications: Residual Pocket depth 2 
6mm represent an incomplete periodontal treatment 
outcome and need further therapy. 


@ BOP at the same site during supportive periodontal 
therapy (SPT) was found to be a parameter with a 
limited, but statistically significant positive predictive 
value for attachment loss. 


@ Clinical attachment loss (CAL) is a reliable 
measurement to detect the changes in periodontal 
status than the probable pocket depth. 


Pocket formation, provoked by micro bacterial plaque, 
seemed to be initiated by the degenerative changes in 
the second or third cell layers from the innermost cells in 
the most coronal part of the junctional epithelium facing 
the microbial plaque. Consequently, an_ intraepithelial 
cleavage was formed followed by the degeneration and 
desquamation of the cells lining the split. This resulted in a 
deep crevice and gingival pocket formation in both early and 
established lesions. In advanced lesions, the deep pocket 
epithelium was exposed for such a long distance adjacent 
to the plaque and calculus, that the epithelium could be 
directly affected by toxic bacterial products and mechanical 
irritation of calculus. Finally, the epithelium became very 
thin and ulcerated, and a typical periodontal pocket was 
formed. The disruption of the epithelial barrier along with 
the concomitant penetration of bacteria and their toxic 
products were considered to be the most significant 
factors related to the conversion of an established lesion 
to an aggressive lesion. 


Review Questions: 


Essay Questions: 


|. Define and classify pockets. Write about the clinical 
features and contents of the pockets. 


Short notes: 


2. Enumerate the differences between suprabony and 
infrabony pockets. 


3. The pathogenesis of periodontal pocket. 


4. Enumerate the differences between pocket and 
clinical attachment loss. 


Y 
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5. 
6. 


Root surface changes in periodontal pocket 


The microtopography of the soft tissue wall of the 
periodontal pocket. 


Principal references and suggested further 
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e Pathway of Spread of Inflammation from Gingiva to Supporting Periodontal Tissues In Periodontitis: 


¢ Radius of action: ¢ Bone morphology in periodontal disease: ¢ Osseous craters: 

e Rate of alveolar bone loss: ¢ Normal variation: e Bulbous bone 

e Periods of destruction: e Exostoses: contours: 

e Mechanisms of bone destruction: ¢ Patterns of bone destruction in periodontal disease * Review Questions: 


¢ Classification of bone defects and patterns of bone loss 
¢ Bone destruction caused by Trauma from occlusion: ° 
¢ Bone destruction caused by systemic disorders: ° 


Gingivitis always’ precedes’ periodontitis, but 
gingivitis does not always progress to periodontitis. 


The crest of the alveolar bone is _ located 
approximately 2mm _ apical to the cemento-enamel 
junction. Periodontitis is characterized with theloss of 
attachment. The alveolar bone loss is a hallmark of 
periodontitis and represents the apical sequel of 
periodontitis. 


PATHWAY OF SPREAD OF INFLAMMATION 
FROM GINGIVA TO SUPPORTING 
PERIODONTAL TISSUES IN PERIODONTITIS: 
Pathway of the spread of inflammation is significant 


because it affects the pattern of alveolar bone destruction 
in periodontal disease. 


Though the pathway of spread of inflammation is not 
confirmed, there are suggested pathways of spread of 
inflammation including interproximal, facial and _ lingual 
directions. 


Interproximal Spread 


The inflammation spreads in the loose connective tissue 
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Horizontal bone loss: 
Osseous defects: 
Vertical/ Angular defects 


¢ Principal References 
and Suggested 
Further Reading: 


around the blood vessels, through the transseptal fibers, 
and then into the bone through vessel channels that 
perforate the crest of the interdental septum. 


@ The site at which the inflammation enters the bone 
depends on the location of vessels channels. 


<> It may enter the interdental septum at the centre 
of the crest, towards the side of the crest or at 
the angle of the septum, and it may enter the bone 
through more than one channel. 


After reaching the marrow spaces, the inflammation 
may return from the bone _ into _ periodontal 
ligament. Less frequently, the inflammation spreads 
from the gingiva directly into the periodontal ligament 
and from there into interdental septum. 


Facial and lingual spread: 


The inflammation from the gingiva spreads along the 
outer periosteal surface of the bone and penetrates into 
the marrow spaces through vessel channels in the outer 
cortex. 


@ From the alveolar bone, it travels to the periodontal 


ligament. 
VY 
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@ Less frequently it travels from the periodontal 
ligament to alveolar bone. 


Bone involvement: 


After inflammation reaches the bone, it spreads into the 
marrow spaces and replaces the marrow with a fluid 
exudate, leukocytes, new blood vessels, and proliferating 
fibroblasts. Multinuclear osteoclast and mononuclear 
phagocytes increase in number, and the bone surfaces are 
lined with resorption lacunae. 


In the marrow spaces, resorption proceeds from within, 
first a thinning of the surrounding bony trabeculae and 
enlargement of marrow spaces, followed by destruction of 
the bone and a reduction in bone height. 


Primary Etiology 





¢ Dental plaque/Biofilm: It is the primary cause 
of alveolar bone loss. 


Predisposing factors 





¢ Plaque-retaining elements-Anatomic anamolies. 
¢ Close proximity between adjacent root surfaces. 
¢ Trauma from occlusion. 
¢ Food Impaction. 
Fig | 4-1:Etiology of alveolar bone loss 


Radius of action: Plaque is the primary cause of alveolar 
bone loss. Page & Schroeder postulated that this 
microbial plaque “radius of effectiveness” in combination 
with variable dimensions of bone adjacent to infected root 
surfaces resulted in the wide range of intraosseous and 
furcation defects in periodontitis. Destruction of alveolar 
bone usually radiates from the plaque to a distance ranging 
from |.5mm to 2.5mm. An intra bony defect occurs 
adjacent to infected root surfaces where the distance 
from the cribriform plate to either the external cortex 
or neighbouring root surface exceeds this radius of 
effectiveness. Thus when interproximal/radicular bone is 
wider than 2.5 mm, vertical defects form. If the interproximal 
/radicular bone is narrower than 2.5 mm the hypothesis 
predicts the loss of all bone opposing the infected root 
surface leading to horizontal bone defects. This concept 
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of the radius of effectiveness is more important than the 
actual radius distance as it may slightly vary depending on 
tolerance of the host, location and pathogenic potential of 
the plaque biofilm, pre-existing anatomical abnormalities, 
abscess formation, or frank bacterial invasion of periodontal 
tissues which may be seen in aggressive periodontitis. 


Rate of alveolar bone loss: 


The rate of bone loss varies depending on the type of 
periodontal disease. In a study of Sri Lankan tea labourers, 
Loe and co-workers identified three subgroups of 
patients with periodontal disease based on interproximal 
loss of attachment and tooth mortality: 


Table 14.1: Rate of progression of periodontal disease 
and annual loss of attachment 





Rate of progres- Loss of mage a Lehto 

sion of periodon- | attachment/ | of individu- 

fel mel KYor KX= year als studied 
| Rapid progression 0.1-!.0mm 8 
DI | esa lcm (OLS Obs fe 


gression 


sy SUE) Vvos-oechana| I 
progression 


Periods of destruction: 


Destruction of periodontium is cyclic and episodic in 
nature. Periodontal destruction is interspersed with long 
intermittent periods of inactivity or quiescence. 


The reasons why and how these destructive periods start 
is not clearly understood. The following theories have tried 
to explain these periods of periodontal breakdown as 
follows 


|. Bursts of destructive activities are associated with 
subgingival ulcerations and an acute inflammatory 
reaction, resulting in rapid loss of alveolar bone. 


2. Bursts of destructive activity coincide with the 
conversation of a predominately T-lymphocyte lesion 
to one with predominance of B-lymphocyte plasma 
cell infiltrate. 


3. Periods of exacerbation are associated with an 
increase of the loose, unattached, motile, gram- 
negative, anaerobic pocket flora, and periods of 
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remission coincide with formation of a dense, 
unattached, nonmotile, Gram-positive flora with 
tendency to mineralise. 


4. Tissue invasion by one or several bacterial species 
is followed by an advanced local host defence that 
controls the attack. 


Mechanisms of bone destruction: 


The following possible pathways by which plaque products 
could cause alveolar bone loss in periodontal disease were 
listed by Hausmann (1974): 


|. Direct action of plaque products on bone progenitor 
cells induces differentiation of these cells into 
osteoclasts. 


2. Plaque products act directly on bone, destroying it 


PLAQUE BIOFILM 
ae 






Bone Loss and Patterns of Bone Destruction 


through a noncellular mechanism. 


3. Plaque products stimulate gingival cells, causing them 
to release mediators, which in turn induce bone 
progenitor cells to differentiate into osteoclasts. 


4. Plaque products cause gingival cells to release agents 
that can act as cofactors in bone resorption. 


5. Plaque products cause gingival cells to release agents 
that destroy bone by direct chemical action, without 
osteoclasts. 


However, as of now we know that all alveolar bone 
resorption is mediated by osteoclasts and the bacterial 
products do not directly damage the alveolar bone 
directly. 


GINGIVAL INFLAMMATION (GINGIVITIS) 
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Fig. 14-2: Mechanism of Alveolar bone loss 
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Classification of bone defects and patterns of bone loss: 
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¢ One wall defect ¢ Thickened margin ¢ Ossoeus bone defects were 

¢ Two-wall defect ¢ Interdental crater grouped under three clearly 

¢ Three-wall defect. ¢ Hemispetum elseingulsiaeeroups: 

¢ Combination defect. ¢ Infrabony defect with three eee 
osseous walls (other than a * Marginal defects. 


marginal gutter) 


¢ Perforations. 


¢ Infrabony defect with two 
osseous walls (other than 
an interdental crater) 


¢ Infrabony defect with one 
osseous wall (other than a 


hemispetum) 


¢ Marginal gutter 


¢ Furcation involvement 


¢ Irregular bone margin 


¢ Dehiscence 


¢ Fenestration 


e Exostosis 


Bone destruction caused by Trauma from 
occlusion: 


In the absence of inflammation (plaque), trauma from 
occlusion leads to angular defects without pocket 
formation. These changes reverse as trauma from occlusion 
is removed. 


@ Inthe presence of existing periodontitis (local factors), 
trauma from occlusion has a compounding effect on 
periodontal bone loss and destruction. 


Bone destruction caused by systemic 
disorders: 


The alveolar bone loss may occur in generalized skeletal 
disturbances such as Hyperthyroidism, Leukemia, and 
Langerhans cell histiocytosis. 


Bone morphology in periodontal disease: 


(a) Normal variation: The normal variations in the 
morphologic features of alveolar bone affect the 


(b) 


osseous contours produced by periodontal disease. 
The bone features that substantially affect the bone 
destructive pattern in periodontal disease include 
the following: 


Alveolar bone: 


¢ The thickness, width, and crestal angulation of the 
interdental septa and alveolar plates. 


¢ The presence of fenestrations and or dehiscence. 
Tooth and root: 


¢ Teeth alignment, Root length, root trunk anatomy 
and root position 


Exostoses: They are outgrowths of bone of varied 
size and shape. Palatal exostoses have been found in 
40% of human skulls. They can occur as small nodules, 
large nodules, sharp ridges, spike-like projections, or 
any combination of these. 


EXOSTOSIS: A benign, bony growth projecting 
outward from the surface of a bone.(Glossary of 
Periodontal terms, 2001) 
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HYPEROSTOSIS: A _ localized overgrowth of 
bone. (Glossary of Periodontal terms, 2001) 


TORUS: An elevation, a_ swelling, 
projection, a protuberance. 
Periodontal terms, 2001) 


TORUS PALATINUS: A bony 
protuberance occurring at the midline of the hard 
palate. (Glossary of Periodontal terms, 2001) 


a bulging 
(Glossary _ of 


Bone exostoses and tori are localized peripheral 
overgrowths of bone that arise from the cortical 
plate and sometimes from the spongy layer due 
to some unknown cause. Although the aetiology 
is unknown, a hereditary basis is suspected. 


These developmental anomalies are not pathologically 
significant, and frequently develop in skeletal jaw. In 
this respect, different types of exostoses have been 
described; torus palatinus and torus mandibularis are 
two of the most common intraoral exostoses. The 
other types of exostoses such as buccal or palatal 
exostoses are less commonly encountered. 


Torus Palatinus(TP) is an exostosis of the hard 
palate that is localized along the median palatine 
suture and involves both the processi palatini and os 
palatinum. TP contains compact and cancellous bone 
and is formed by hypertrophy of the spongy and oral 
compact layers while the nasal compact layer 
remains unchanged. 


TP is asymptomatic, grows slowly during the second 
and third decades of life, and often goes unnoticed 
until middle age. Although much research has tried 
to clarify the influence of genetic, environmental, 
nutritional, and climatologic factors, there is still 
no consensus regarding the etiology of TP. 


TP occurs in about 20% of the population. It has 
also been reported that females demonstrate a 
higher prevalence of TP. 


TP is a bony prominence that occurs along the 
middle third of the midline of the hard palate. It 
forms different shapes, including flat, spindle, 
nodular, and lobular. This oral exostosis is not a 
disease or a sign of disease. However, if TP is large, it 
may be problematic for the construction or wearing 
of dentures. 


TP is not pathologically significant; surgical removal is 
required if it causes chronic trauma or interferes with 
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oral function or the replacement of a denture base or 
framework. 





Fig. 14.3: Torus Palatinus 


TORUS MANDIBULARIS: A_ bony exostosis on 
the lingual aspect of the mandible, generally in the 
premolar molar region; commonly bilateral. (Glossary 
of Periodontal terms, 2001) 


Torus mandibularis (TM) which has reportedly been 
usually bilaterally located in the lingual surfaces of the 
cusped/premolar area of the mandible and superior to the 
mylohyoid ridge. The lingual tori are unnecessary bony 
extensions, which may limit tongue space and create 
phonetic difficulties. Therefore, the tori may require 
surgical removal for prosthetic reasons. Removal of 
these exostoses can also assist with flap adaptation 
during periodontal surgery. Tori are highest among 
Eskimos. The TM are usually nodular in shape. 





Fig. | 4.4: Madibular tori 
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(c) 


(d) 


(e) 


(6) 


Trauma from occlusion: May cause thickening of 
the cervical margin of alveolar bone or a change in 
the morphology of the bone (e.g., angular defects and 
buttressing bone). 


Buttressing bone formation: Buttressing 
Bone: Marginal linear aspect of bone, which 
may be formed in response to heavy occlusal 
forces.(Glossary of Periodontal terms, 2001) 
-Central buttressing bone formation: It occurs 
within the jaws. 
-Peripheral buttressing bone formation 
(Lipping): It occurs on the external surface. This 
may cause bulging of the bone contour. 
(LIPPING): Bone formation sometimes occur 
in an attempt to reinforce bony trabeculae 
weakened by resorption. 





Fig: 14.5: Peripheral buttressing bone formation 


Food impaction: The forceful wedging of food 
into the interproximal space by chewing 
pressure (vertical impaction) or the forcing of 
food interproximally by tongue or cheek 
pressure (horizontal impaction).(Glossary of 
Periodontal terms, 2001 ) 


Interdental bone defects often occur where proximal 
contact is abnormal or absent. Pressure and irritation 
from food impaction contribute to inverted bone 
architecture. In some instances, the poor proximal 
relationship may be the result of a shift in tooth 
position because of extensive bone destruction 


Section - III 


that preceded food impaction. In such cases, food 
impaction is a complicating factor rather than the 
cause of bone defect. 


(f) Aggressive periodontitis: Around first molars, 
a vertical or angular pattern of alveolar bone 
destruction is found. 


Patterns of bone destruction in periodontal 
disease: 


FURCATION INVASION: 
Pathologic resorption of bone within a furcation. 
Classification of Furcation Invasions: 


Class I: Incipient loss of bone limited to the furcation flute 
that does not extend horizontally. 


Class II: A variable degree of bone loss in a furcation, but 
not extending completely through the furcation. 


Class III: Bone loss extending completely through the 
furcation. 


Hemiseptal Defect: A vertical defect in the presence 
of adjacent roots; thus, half of a septum remains on one 
tooth. 


Intrabony Defect: A periodontal defect surrounded 
by two or three bony walls or a combination of these. 


(a) Horizontal bone loss: 


It occurs where progression of bone loss takes place 
at an even rate leading toa symmetrical reduction in 
the height of the alveolar bone.In this type of bone 
loss, the bony architecture appears relatively flat. It is 
the mostcommon pattern of alveolar bone loss. 


It can be regularly seen at sites where the interdental 
bone is thin. Supra-bony pockets accompany the 
horizontal bone loss. Horizontal bone loss can be 
seen on_ radiographs. Regenerative procedures 
with periodontal horizontal bone loss are not 
undertaken. 


Osseous Defects 
Periodontal Bony Defects: Alterations in the 


morphological features of the bone. Osseous defects 
may be subcategorized as follows: 
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Circumferential Defect: A _ vertical defect Sometimes they are difficult to be seen on the 
that includes more than one surface of a tooth, radiographs. They increase with age. 

e.g., a vertical defect that includes the mesial and These vertical defects are classified based on the 
lingual surfaces of a tooth. (Glossary of Periodontal residual bony walls as follows: 

terms, 2001) 


Three-wall bony defect 
Crater: A cup- or bowl-shaped defect in the 


interalveolar bone with bone loss nearly equal on 
the contiguous roots. The facial and lingual palatal 
walls may be of unequal height. A type of intrabony 
defect, a crater also may be classified by the number 
of bony walls (i.e., a one-, two-, or three-walled); 
combination defects also exist. (Glossary of 
Periodontal terms, 2001) 





¢ They are bordered by one tooth surface and three 
bony surfaces. It was originally called intra bony 
defect. It may be difficult to visualize this defect on the 
radiograph. It yields the best results with periodontal 
regeneration. They are frequently observed on the 
mesial surfaces of the molars. 





Funnel-Shaped Defect: An ___ Intrabony Two-wall bony defect 

resorptive lesion involving one or more surfaces of 

supporting bone; may appear moat-like. (Glossary of ¢ It is enclosed by two tooth surfaces and two osseous 
Periodontal terms, 2001) surfaces (buccal and palatal/lingual). The cortical 


bone is generally intact. It may be difficult to visualize 
this defect on the radiograph. It is located between 
adjoining posterior teeth. 


SNEWALIED One-wall bony defect / Hemiseptum 
BONY DEFECT 


¢ Only one bony wall remains facing the involved 
tooth surface. It occurs generally when considerable 
amount of interdental septum is lost. 






THREE WALLED 
BONY DEFECT 


Wai §=Combined bony defect/combined osseous defect/ 
BONY DEFECT ae 
combination bony defect 





FURCATION <——— 
INVOLVEMENT 
¢ The number of bony walls apically at the level of base 


Piss 14.6: 1 pescr Bone loss of vertical defect can be more the occlusal aspect. 


Table 14.2: Differences between Horizontal and vertical 
def 
(b) Vertical/ Angular defects (Intra bony defects): eee es 
Horizontal bony 
It occurs where bone loss develops around adjacent APS PPS: Vertical bony defect 
teeth/surfaces at different rates. It primarily affects a 
tooth and not it is adjacent. Bone loss takes a vertical- 





Bone level is essentially Bone level is essentially 


equal interdentally equal interdentally 
angular-cuneiform when there is an adequate volume . 
of alveolar bone surrounding the root/roots. They he bone loss is equal One tooth has bee bone 
across teeth. loss than the adjacent teeth. 


occur in an oblique-slanting direction with rapid bone 
resorption progressing into the bone adjacent to the Meacyred as the percent- Measured as the attach- 
root surface. They have a funnel shaped-trench like age of bone lost. Ar nl Seco praneical 


appearance-hallowed trough-shaped presentation. 
An individual tooth can have combination bone loss 


consisting of both horizontal component and vertical 
component. 
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Vertical defects can occur inter-proximally or on the 
radicular surface of tooth surface. 
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Fig. 14.7: Vertical defect 
(Coutesy: Dr.Marei Hamad al Mugrabi) 





Fig. 14.8: Cup shaped defect 
(Coutesy: Dr.Marei Hamad al Mugrabi) 


(c) Osseous craters: These are concavities in the 


crest of interdental bone or peripheral radicular 
bone. They are centred beneath the contact point of 
the neighbouring teeth and are often saucer/ cup/ 
bowl shaped. These defects are confined by the 
facial and lingual/palatal walls probably of unequal 
heights. The defect affects the adjacent root surfaces 
similarly. They are common in posterior teeth. It is 
the most common bony lesionencountered in 
periodontal disease. 

Ochsenbein divided osseous craters into three 
types based on the depth of the crater from the 
crest of facial/lingual bone as follows: 


¢ Shallow crater: |-2mm. 


¢ Medium crater: 3-4mm. 


(8) 


(d) 


(e) 
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¢ Deep crater: 5mm or more. 
Why are interdental craters so common? 


¢ Plaque: The difficulty in removal of plaque from 
the interdental area. 


¢ Morphology of interdental septum: The normal 
flat or even concave faciolingual shape of the 
interdental septum in lower molar may favour 
crater formation. 


¢ Pathway for inflammation: Vascular patterns from 
the gingiva to the centre of the crest. 


Bulbous bone contours: 


¢ These are 
exostoses. 


bony enlargement caused by 


¢ They occur as an adaptation to function or 
buttressing bone formation. 


¢ Prevalence: Maxilla > Mandible. 


Architecture: A term with an appropriate 
modifier, commonly used in_ periodontics to 
describe gingival and/or bony form.(Glossary of 
Periodontal terms, 2001) 


Physiologic Architecture: A concept of soft 
tissue or bony form that includes positive 
architecture in a vertical dimension, buccal-lingual 
contours devoid of ledges and exostoses, and 
interradicular grooves. (Glossary of Periodontal terms, 
2001) 


Positive Architecture: When the crest of 
the interdental gingiva or bone is located coronal 
to its midfacial midlingual margins.(Glossary of 
Periodontal terms, 2001) 


Reverse Architecture: When the crest of 
the interdental gingiva or bone is located apical 
to its midfacial and  mid-lingual margins. 
(Glossary of Periodontal terms, 2001) 

Reversed architecture: 


These defects are produced by loss of the interdental 
bone crest, including the facial and/or lingual plates, 
without concomitant loss of radicular bone, thereby 
reversing the normal scalloped architecture. 


¢ It is also called as inconsistent bony margin. 


¢ It is more common in Maxilla. 
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RADICULAR BONE. 
INTERDENTAL BONE. 
\ / 
\ / 
Fig. 14.9: Reverse architecture 
(f) Ledges: It is plateau-like bone margin caused by 


(g) 


resorption of thickened bony plates. 
Resorption: A loss of substance from tissues that 
normally are calcified, such as the dentin or 
cementum of teeth, or of the alveolar process. The 
pathologic. 
(Glossary of 2001) 


Bone Resorption: Bone loss due to osteoclastic 


condition may be physiologic or 


Periodontal terms, 
activity. (Glossary of Periodontal terms, 2001) 
Cavernous Resorption: Bone loss leaving hollow 
spaces. 2001) 
Idiopathic Resorption: Loss of calcified tissues 


(Glossary of Periodontal terms, 
without apparent cause. (Glossary of Periodontal 
terms, 2001) 


Furcation involvement: It refers to the invasion 
of bifurcation and trifurcation of multi-rooted teeth 
by periodontal disease. (Carranza) 
FURCATION INVASION: Pathologic resorption 
of bone within a furcation. (Glossary of Periodontal 
terms, 2001) 
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Fig. 14.10: Classification of furcation involvement 
(Glickman’s classification) G-Gingiva, AB-Alveolar Bone 


@ Mandibular Ist molar are the most common site, and 
maxillary premolars are the least common site. 


¢ Diagnosis of Furcation involvement is made by clinical 
examination and careful probing with Nabers probe. 


@ Furcation involvements have been classified by 
Glickman as 


@ Grade I: incipient bone loss 
@ Grade Il: partial bone loss (cul-de-sac) 


@ Grade Ill: total bone loss with through-and-through 
opening of furcation. 


yy 
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@ Grade IV: Grade Ill with gingival recession exposing the furcation clinically to view. 





Fig. 1.10: Through and through furcation involvement 


Periodontal Probing: It gives 
an indirect measure of the depth 


Two-dimensional (2D) 
radiographic diagnosis 


of the defect by providing 
the clinical attachment 
loss measure. 


Disadvantage: The defect 

cannot be visulaized as the 

shape and size of the defect 
remains unknown. 


Transgingival 
probing/Sounding: 


It provides the 
understanding of the 
shape and size of the 

underlying defect. 
Disadvantage: It requires 
probing under anesthesia 
hence remains an invasive 
procedure and cannot be 
carried over regularly. 





methods: (bitewing and 
periapical radiographs): 
Advantages: They can be easily 
acquired, cheap and provide high- 
resolution images. 


Disadvantages: They are limited 
by overlapping anatomical 
structures, difficult to standardize 
and underestimating the size and 
occurrence of bone defects. 


Cone beam CT (CBCT) 


Advantages: It allows for an 
analysis of the buccal and 
lingual/palatal surfaces and 

provides improved 


It allows visualization of the 
morphology of the defect. 


Disadvantages: Expensive and 
cannot be afforded regularly. 


Fig! 4-11: How to detect the bone defects ? 
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Review Questions: 


Essay Questions: 


What is an osseous defect? Classify and describe the 
osseous defects. 


Short Questions: 


2. 


CON DO Ww HR W 


Buttressing bone formation. 


. Discuss the mechanism of bone loss in Periodontitis. 
. Osseous craters 

. Osseous defects in periodontal disease 

. Radius of action 

. Revised architecture 


. Transgingival Probing. 
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Pathologic tooth migration (PTM) has been defined as a 
tooth displacement that results when the balance among 
the factors which maintain physiologic tooth position is 
disturbed by periodontal disease. (Carranza 1990) 


MIGRATION, PATHOLOGIC DENTAL: 
The movement of a tooth out of its former position 
when the etiology or etiologies responsible for such 
movement are associated with a disease process. 
(Glossary of Periodontal terms, 2001) 


Pathologic migration refers to tooth displacement 
that results when the balance among the factors that 
maintain physiologic tooth position is disturbed by 
periodontal disease. 


@ Prevalence: It has a high prevalence in periodontitis 
especially in the anterior sextant. The prevalence of 
PTM among periodontal patients ranges from 30% to 
55.8%; Pathologic migration occurs most frequently 
in the anterior region, but posterior teeth may also 
be affected. 


¢ Etiology: The etiology appears to be multifactorial. 
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Clinical features: Pathologic tooth migration (PTM) 
which is a frequent finding in periodontitis and a common 
chief complaint of periodontitis patients. With 
pathologic tooth migration, aesthetics may be of 
concern especially in the anterior sextant and may be a 
motivating factor for patient to seek periodontal 
treatment. It is among the signs and symptoms of 
periodontal disease that has an impact on quality of life in 
periodontal patients. 


@ Types of pathologic migration include extrusion, 
diastema formation, facial flaring, rotation, and tipping 
into edentulous spaces. Combinations of these types 
are often seen. 
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Loss of attachment/ -, Occlusal Trauma/Malocclusion. 
Alveolar bone loss./ | Due to adjacent tooth loss-Occlusal 
Weakened | changes associated with unreplaced 
periodontal support. | missing teeth. 
bo n Parafunction: Eg. Bruxism and 
£9 § clenching. 
o U U 
5 Inflammatory changes: 
= ay ¢ Gingival/Periodontal inflammation: 
o 2 Pressure generated by granulomatous 
o tissue of the periodontal pocket. 
a Oo Periapical inflammation. 
@ 
£ 6. Lip and tongue pressure. 
o. > Oral habits. 
ee ies 
6 Gingival enlargement. 


Fig. 15.1: Predisposing Factors for Pathologic Tooth Migration 


> Pathologic tooth migration 


Periodontal support. / Alveolar 
bone support. 





EXTRUSION: In dentistry, the overeruption or 
migration of a tooth from its normal occlusal position, 
as when the contacting tooth in the opposing arch is 
missing. (Glossary of Periodontal terms, 2001) Pathologic 
tooth migration in the occlusal or incisal direction is Fig. 15.3: Relationship between Pathologic tooth 
termed extrusion. migration and alveolar bone support 





The exact mechanism of the relationship of various 
predisposing factors other than the reduced periodontal 
support needs further elucidation. It should also be noted 
that the presence of diastema and rotations in the absence 
of periodontal disease does not indicate pathologic tooth 
migration. In patients with acromegaly dental diastema, 
tooth mobility and malocclusion are common but it is 
caused by increased mandibular volume and macroglossia 
and not due to periodontal disease. 


Fig. 15.2: Loss of attachment and extrusion of Lateral UNREPLACED MISSING TEETH: 


incisor (courtesy Dr.Ahmed El Ehsan) 





Teeth are the most adaptive unit of the masticatory system. 
Teeth adjacent to the site of tooth loss may undergo non- 
vertical movements whereas that of the opposing arch my 
go for supraeruption. Craddock et al. in a study of 
one hundred patients with an unopposed posterior tooth 
¢ A tendency to flare and elongate can be noticed in found that teeth mesial to the extraction site had a 
anterior teeth. Moreover, once in their new tendency to tip distally. The degree of tipping was increased 
pathological position the tooth is traumatized jn upper teeth and in subjects with a cusp-to-cusp buccal 
increasingly on normal occlusal movements. occlusion. Rotation of teeth mesial to the extraction site was 


@ Pathologic migration is also an early sign of LAP. more prevalent in the lower arch. Tipping of the tooth distal 
to the extraction site could be extreme and was found to be 


¢ DIASTEMA: A space between two adjacent teeth 
in a dental arch. (Glossary of Periodontal terms, 
2001). Pathologic tooth migration is a common cause 
for dental diastema. 
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more prevalent in subjects with a reduced overbite and in 
the lower arch. Rotation of teeth distal to the extraction 
site was greater in the upper arch and was also associated 
with a reduced overbite. It also had an association with 
rotation of the tooth mesial to the extraction site. 


Fig. 15.4: Unreplaced missing teeth and the supra eruption 





Fig. 15.5: Distal drifting and rotation of the mandibular 
second premolar 


DRIFTING: 


Teeth drifting into spaces generated by un-replaced 
missing teeth is well documented. This drifting is not due 
to periodontal destruction as is the case of pathological 
migration. However, drifted teeth may complicate the 
occlusal situation and aggravate the periodontal 
destruction. Drifting is primarily oriented in 
mesial direction. Hence,it is referred to as mesial drift, 
except the premolars that frequently drift distally. This 
spontaneous mesial drift of teeth seldom involves the 
dental implants. Drifting is a sequel subsequent to spacing 
due to extraction. The unreplaced missing teeth drift 
mesially, but it is not always a necessity. 





and the opposing tooth. 


In health Unreplaced missing tooth. Clincal conditions 


Occlusion 


No periodontal Drifting 
destruction. 


Loss of Pathologic tooth 
attachment/periodontal jeu migration 
destruction 





Fig 15.6: Sequalae of unreplaced missing teeth 
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Fig 15.7: Sequalae of unreplaced missing teeth 


Failure to replace first molars; 


The loss of the mandibular posteriors affects the natural 
occlusal curve seriously than that of the maxillary 
posteriors. 


Overall occlusion: 


Creation of open contacts and changes in occlusion, which 
predisposes trauma from occlusion. 


Anterior teeth: 
|. Anterior overbite is increases withextrusion of the 


anteriors. 


2. The maxillary incisors are pushed labially and laterally- 
flaring of maxillary incisors can be seen. 


3. Diastema are created by the separation of anterior 
teeth. The mandibular incisors tilt or drift lingually. 
Posterior teeth: 
4. Molars: The opposing molar/ Ist maxillary molar 


extrudes. The succeeding molars (2nd and 3rd 
molar) tip and drift mesial. The distal cusps of the 
2nd mandibular molar get elevated and form plunger 
cusp. 


<> This plunger cusp wedges between the Ist and 
2nd maxillary molar and breaks their contact. 
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<> Itleads to food impaction interproximally between 
[st and 2nd maxillary molar. 


<> It subsequently causes periodontal destruction. 


The resulting occlusal changes cause a decrease in 
thevertical dimension. 


Premolars: The premolars rotate, tip and move distally. 
This results in an open contact between the premolars, 
resulting in food impaction. 


Treatment: 


The damage caused by pathological migration, drifting can 
at times be extreme and potentially complicate the effort 
in restoring a harmonious natural occlusal scheme. 


@ Checking for the etiologic and predisposing factors 


and resolving. 


@ Plaque control and proper oral hygiene. 


@ Pathologic tooth migration may spontaneously 


reverse after the periodontal therapy without the 
use of orthodontic appliance in cases related with 
mild bone loss. This is termed as “reactive 
positioning” and may be due to the resolution of 
inflammatory pressure. However, in cases with 
advanced bone loss an interdisciplinary approach 
involving periodontal, orthodontic and prosthodontic 
treatments should be undertaken. 


Severe pathological tooth migrations need to be 
treated with extraction and prosthetic restorations. 


The term reactive positioning has been used to 
describe tooth movement that occurs without the 
use of appliances after periodontal treatment. 


Review Questions: 


Essay Question: 


Describe in detail the pathological tooth migration. 


Short notes: 


2. Unreplaced missing tooth. 


3. Tooth drifting. 
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Chapter Outline: 


¢ Classification of Periodontal Disease and Conditions (1999). 
¢ Periodontal disease classification by Lazarus et al (2012). 

¢ Classification of Periodontal disease and conditions(201 7): 

e Review Questions. 

¢ Principal References and Suggested Further Reading. 


Classifications in medicine are the inevitable expression of In the last century, many new classification systems 
growth, development, and accumulation of new knowledge for periodontal diseases have been used. Over time, 
and information. They represent newer understanding of classification systems reflect new knowledge about the 
the pathogenesis. nature of periodontal infections. 


To help in risk assesment of an 
individual, diagnose disease, 


To understand the etiology, 
prognosis and plan treatment. 


and pathogenesis 


Rationale for the 
classifications 


Terms with reproducibility to To accomodate newer 
aid in better communication understanding of the 
Taste ay-maatem iene aly, diseases/conditions 





Fig 16.1: Rationale for classification of periodontal conditions and diseases. 


The American Academy of Periodontology based |. Adult periodontitis. 
on the recommendations of the World Workshop in 
Clinical Periodontics in 1989 proposed the following 
classification of periodontitis: A. Pre-pubertal periodontitis 


ll. Early-onset periodontitis 
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\_ Etiopathogenesis of periodontal diseases 
|. Generalized. 
2. Localized 
B. Juvenile periodontitis 
|. Generalized 
2. Localized 
C. Rapidly progressive periodontitis 
Ill. Periodontitis associated with systemic disease 
IV. Necrotizing ulcerative periodontitis 
V. Refractory periodontitis. 


Even though this system had shortcomings, it was widely 
accepted and is yet occasionally used by some. The main 
problems with this classification were 


|. Considerable overlap in the disease categories. 
2. Absence of gingival disease component. 


3. Inappropriate emphasis on age of onset of disease 
and rate of progression. 


4. Inadequate or unclear classification criteria. 


In 1993, a simpler classification came into existence with 
the consensus reached by the first European Workshop on 
Periodontology in 1993. Two of the earlier disease entities 
were dropped from the 1989 classification. 


|. Early-onset periodontitis 
Il. Adult periodontitis 
Il. Necrotizing periodontitis. 
Classification of Periodontal Disease and 
Conditions (1999): 
|. Gingival diseases: 
A. Dental plaque-induced gingival diseases. 
|. Gingivitis associated with dental plaque only. 
a. Without other local contributing factors. 
b. With local contributing factors. 
2. Gingival diseases modified by systemic factors. 
A. Associated with endocrine system. 
|. Puberty-associated gingivitis. 


2. Menstrual cycle-associated gingivitis. 
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3. Pregnancy-associated 
a. Gingivitis. 
b. Pyogenic granuloma. 


4. Diabetes mellitus-associated gingivitis. 


. Associated with blood dyscrasias 


|. Leukaemia-associated gingivitis. 
2. Others. 
3. Gingival diseases modified by medications. 
a. Drug-influenced gingival diseases. 
|. Drug-influenced gingival enlargements. 
2. Drug influenced gingivitis. 
a. Oral contraceptive- associated gingivitis. 
b. Other. 
4. Gingival diseases modified by malnutrition. 
a. Ascorbic acid —deficiency gingivitis. 
b. Other. 
B. Non plaque-induced gingival lesions. 
|. Gingival diseases of specific bacterial origin. 
a. Nisseriagonorrhea-associated lesions. 
b. Treponema pallidum-associated lesions. 
c. Streptococcal species-associated lesions. 
d. Other. 
2. Gingival diseases of specific viral origin. 
a. Herpes virus infections 
|) Primary herpetic gingivostomatitis 
2) Recurrent oral herpes 
3) varicella-zoster infections 
b. Other. 
3. Gingival diseases of specific fungal origin. 
a. Candida-species infections 
|) Generalized gingival candidosis 
b. Linear gingival erythema 


c. Histoplasmosis 
d. Other. 
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4. Gingival diseases of specific genetic origin. 


a. Hereditary gingival fibromatosis 


b. other 


5. Gingival manifestations of systemic conditions. 


a. Mucocutaneous disorders 
|) Lichen planus 
2) Pemphigoid 
3) Pemphigus Vulgaris 
4) Erythema multiforme 
5) Lupus erythematosus 
6) Drug-induced 
7) Other 
b. Allergic reactions 
|) Dental restorative materials 
a) Mercury 
b) Nickel 
c) Acrylic 
d) Other. 
2) Reactions attributable to 


a) Toothpastes/dentifrices 


b) Mouth rinses/mouthwashes 


c) Chewing gum additives 
d) Foods and additives 
3) Other 


6. Traumatic lesions.  (factitious, 
accidental) 


a. Chemical injury 
b. Physical injury 
c. Thermal injury 
7. Foreign body reactions. 
8. Not otherwise specified (NOS). 
Chronic periodontitis. 
A. Localized. 


B. Generalized. 


latrogenic, 


IV. 


VII. 
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Aggressive periodontitis. 
A. Localized. 
B. Generalized. 


Periodontitis as a manifestation of systemic 
diseases. 


A. Associated with hematologic disorders. 
|. Acquired neutropenia 
2. Leukemias 
3. Other 
B. Associated with genetic disorders. 
|. Familial and cyclic neutropenia 
. Down syndrome 
. Leukocyte adhesion deficiency syndromes 
. Papillon-Lefevre syndrome 
. Chediak-Higashi syndrome 
. Histiocytosis syndromes 
. Glycogen storage disease 


. Infantile genetic agranulocytosis 
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. Cohen syndrome 
|0. Ehlers-Danlos syndrome (Types IV and VIII) 
| 1. |Hypophosphatasia 
[2. Other 

C. Not otherwise specified(NOS) 


. Necrotizing periodontal diseases. 


A. Necrotizing ulcerative gingivitis (NUG) 


B. Necrotizing ulcerative periodontitis (NUP) 


. Abscess of the periodontium. 


A. Gingival abscess. 
B. Periodontal abscess. 
C. Pericoronal abscess. 


Periodontitis associated with endodontic 
lesions. 


A. Combined periodontal-endodontic lesions 
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Vill. Developmental or acquired deformities and 
conditions. 


A. Localized tooth-related factors that modify 
or predispose to plaque-induced gingival 
diseases / periodontitis. 


|. Tooth anatomic factors 

2. Dental restorations/appliances 

3. Root fractures 

4. Cervical root resorption and cemental tears. 


B.Mucogingival deformities and conditions 
around teeth. 


|. Gingival/soft tissue recession 
a. facial or lingual surfaces 
b. Interproximal(papillary) 

. Lack of keratinized gingiva 

. Decreased vestibular depth 


. Aberrant fraenum/muscle position 
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. Gingival excess 
a. Pseudo pocket 
b. Inconsistent gingival margin 
c. Excessive gingival display 
d. Gingival enlargement . 
6. Abnormal colour 


C. Mucogingival deformities and conditions on 
edentulous ridges. 


|. Vertical and/or horizontal ridge deficiency. 


3 


4. Aberrant fraenum/muscle position 
6 


2. Lack of gingiva/keratinized tissue 
. Gingival/soft tissue enlargement 
5. Decreased vestibular depth 
. Abnormal colour 
D. Occlusal trauma. 
|. Primary occlusal trauma. 


2. Secondary occlusal trauma. 
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lt encompasses the gingival diseases, 


a feature never to be found in earlier 
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Fig 16.2: Advantages and disadvantages of 1999 APP 
classification of Periodontal disease and conditions. 


This 1999 AAP (American academy of Periodontology- 
International Workshop for Classification of Periodontal 
Diseases)classification is an attempt to reorganise and 


accommodate entities that had for decade been 
accepted among. periodontitis but were not 
represented in the earlier classifications. This 


classification includes 8 main categories with several 
subdivisions maintains the major features of the earlier 
classification with elaborate additions. So it may be 
considered as reorganization of the accepted periodontal 
disease conditions rather than’ re-writing of the 
classification. 


Periodontal disease classification by Lazarus et 
al (2012): 


Category | gingivitis/periodontitis/peri-implant mucositis/ 
peri-implantitis: 

Plaque-associated gingivitis/periodontitis occurring in an 
otherwise healthy individual not compounded by anatomic 


variations, environmental factors, systemic conditions or 
latrogenic causes. 


|. Present in adults/children. Age is not a defining 
criterion. 


2. Purely associated with the presence of local factors, 
but the number of local factors is not a defining 
criterion. 


Pathogenesis is mainly microbial in origin. 


4. Rate of progression is not a decisive factor and is 
considered merely as a varied response to the situation. 


Category 2 Gingivitis/periodontitis/peri-implant mucositis/ 
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peri-implantitis: 


Plaque-or non-plaque-induced gingivitis/periodontitis/peri- 
implant mucositis/peri-implantitis occurring in a systemically 
healthy individual compounded by risk factors such as 
anatomic variations, environmental factors, medications 
and or iatrogenic factors. 


|) Can be present in adults/children. Age is not a 
defining criterion. 


2) May or may not be associated with the presence of 
local factors 


3) Rate of progression not considered a criterion in 
arriving at a diagnosis 


In addition to the above-mentioned clinical findings, one or 
more of the following factors can be present: 


A. Anatomic factors: Cervical enamel projections, 
palatogingival groove, enamel pearls, proximal root 
grooves, severely mal-aligned/crowded teeth, root 
fractures, cervical root resorption, cemental tears 


B. latrogenic factors: restorations and 


appliances 


improper 


Environmental factors: adverse habits suchas smoking, 
pan chewing, wedging of toothpicks between teeth, 
application of fingernail pressure against gingiva, etc. 


Category 3 gingivitis/periodontitis/peri-implant mucositis/ 
peri-implantitis: 


Plaque- or non-plaque-induced  gingivitis/periodontitis 
occurring in a medically compromised patient wherein 
the systemic component may be either a sole contributing 
factor or a modifying factor 


Contributing factors: 


|. Hematologic: leukemia, 


others. 


acquired neutropenia, 


2. Genetic disorders: Down syndrome, Papillon- 
Lefevre syndrome, Chediak-Higashi syndrome, 
leukocyte adhesion deficiency syndromes, familial 
and cyclic neutropenia, histiocytosis syndromes, 
glycogen storage diseases, infantile genetic 
agranulocytosis, Cohen syndrome, Ehlers-Danlos 
syndrome, hypophosphatasias, etc. 


3. Muco-cutaneous lesions: Lichen planus, pemphigoid, 
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pemphigus vulgaris, multiforme, 


lupus erythematosus 


erythema 


4. Diseases of viral and fungal origin: herpes virus 
infections, Varicella zoster, candida spp. infections, 
HIV, histoplasmosis 


Modifying factors 
|. Female hormone association 
2. Diabetes 
3. Immune compromised conditions, e.g., HIV, AIDS 
4. Vitamin C deficiency 


Necrotizing diseases [necrotizing ulcerative gingivitis or 
periodontitis (NUG or NUP)]. Necrotizing diseases have 
a definite bacterial etiology, but they invariably require 
predisposing factors such as stress, nutritional deficiency, 
fatigue, alcohol or drug abuse, or systemic diseases for 
initiation and progression of the lesions. [hese predisposing 
factors are always associated with immunosuppression. 


The authors of this classification claim that this classification 
is simple, easy to understand, has a provision for inclusion 
of peri-implant conditions and is based on periodontal 
treatment needs. 


However it must be noted that even with the prevailing 
academic disagreements around theAAP 1999 classification, 
it is still the most widely accepted and used classification of 
periodontal disease and conditions. 


New classification for periodontal and peri- 
implant diseases and conditions: 


At the World Workshop in 2017 a new 
Classification of Periodontal and Peri-implant Diseases 
and Conditions to overcome the _ difficulties and 
challenges faced by the 1999 classification was 
introduced. The world workshop included the expert 
participants of American Academy of Periodontology 
(AAP) and the European Federation of Periodontology 
(EFP). The following was the outcome of the workshop. 


\_ Etiopathogenesis of periodontal diseases 


CLASSIFICATION OF PERIODONTAL DISEASE 
AND CONDITION (2017): 


|. PERIODONTAL HEALTH, GINGIVAL 
DISEASES AND CONDITIONS: 


A. Periodontal Health And Gingival Health 

# Clinical gingival health on intact periodontium 

# Clinical gingival health on reduced periodontium 
e Stable periodontitis patient. 
e Non periodontitis patient. 


. Gingivitis — Dental Biofilm Induced 
Associated with dental biofilm alone 
Mediated by systemic or local factors 

= Drug induced gingival enlargement 


C. Gingivitis — Non Dental Biofilm Induced 
= Genetic and developmental disorders 

=» Specific infections 

# Inflammatory and immune conditions 

= Reactive processes 

= Neoplasm 

# Endocrine, nutritional and metabolic disorders 
» Traumatic lesions 

= Gingival pigmentation 


The new classification address the difference 
between presences of gingival inflammation at one or 
multiple sites and gingival disease definition by identifying 
the bleeding on probing (BOP) as a primary parameter. 


The characterization of reduced periodontium after 
successful completion of periodontitis treatment was by 
identification of bleeding of probing (BOP) and residual 
pocket which was done for more comprehensive 
maintenance and regular follow-up as a need for treated 
patients. 


The world workshop concluded that a gingival disease 
could revert to normal health but periodontitis will 
remain life long even after successful periodontal therapy 
and required supportive care. 


Based on the primary etiology the broad spectrum of non- 
plaque induced gingival diseases was reorganized. 
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2. PERIODONTITIS: 


A. Necrotizing Periodontal Diseases 
# Necrotizing gingivitis. 

= Necrotizing periodontitis. 

=" Necrotizing stomatitis. 


B. Periodontitis 
Stages : Based on severity and complexity of 
management: 
= Stage 1: Initial Periodontitis 
» Stage 11: Moderate Periodontitis 
» Stage 111: Severe Periodontitis With Potential Or 
Additional Tooth Loss 
» Stage 1V: Severe Periodontitis With Potential Or 
Loss Of Dentition 


Extent and distribution: localized ( < 30%), 
generalized ( =>30%) and molar incisor distribution 


Grades : evidence or risk of rapid progression, 
anticipated treatment responses. 

=" Grade A: Slow Rate 

=" Grade B: Moderate Rate 

=" Grade C: Rapid Rate 


C. Periodontitis As A Manifestation Of Systemic 
Diseases 


" Classification of these conditions should be 
based on primary systemic disease according to 
international statistical classification of diseases 
and related health problems (ICD) codes. 


Based on the new information from population 
Studies, basic science investigations, and evidence 
from prospective studies evaluating environmental 
and systemic risk factors. The analysis of evidence has 
laid the need for the 2017 workshop for a new 
classification framework for periodontitis. 


In revising the classification, the workshop agreed ona 
classification framework for periodontitis further 
characterized based on a multidimensional staging 
and grading system that could be adapted over time 
as new evidence emerges. 
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Staging is dependent upon the severity and 
complexity of disease management, while grading 
provides information about biological features of the 
disease, including a history based analysis of the rate of 
disease progression, assessment of the risk for further 
progression, anticipated poor out comes of treatment 
and the risk that the disease or its treatment may 
negatively affect the general health of the patient. 


FACTORS TAKEN INTO CONSIDERATION IN 
NEW PERIODONTAL DISEASE CLASSIFICATION 


Sat 


Grade of 
periodontal 
destruction. 


COMPLEXITY 


eType of bone loss. 
© Horizontal. 
Sy N eyed 0] r=] 
Pocket depth. 
eFurcation 
involvement. 
¢Dental mobility. 
¢Number of missing 
ial= 49 
© Occlusion/function. 


Gt ANB) 
DISTRIBUTION 


eNumber and 
distribution of teeth 
with detectable 
periodontal 
attachment loss. 


PROGRESSION 


©Rapidity of 
periodontal tissue 
destruction. 


RISK FACTORS 


¢General health, 
smoking status, 
diabetes, 
compliance. 


Fig 16.2: Factors taken into consideration in new periodontal 


disease classification 


3. OTHER CONDITIONS AFFECTING 
PERIODONTIUM 


A. Systemic diseases or conditions affecting the 
periodontal supporting tissues. 


B. Periodontal abscesses and endodontic- 
periodontal lesion. 


C. Mucogingival deformities and conditions 


= Gingival phenotype. 

# Gingival/ soft tissue recession. 

# Lack of gingiva. 

= Decreased vestibular depth. 

= Aberrant frenum/ muscle position. 

= Gingival excess. 

# Abnormal color. 

= Conditions of the exposed root surfaces. 


The treatment of gingival recession are based on 
interproximal loss of clinical attachment and also 
incorporate the assessment of the exposed root and 
cemento-enamel junction. A new classification of gingival 
recession that combines clinical parameters including the 
gingival phenotype as well as characteristics of the 
exposed root surface. The previous term periodontal 
biotype was replaced by periodontal phenotype. 
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D. Traumatic occlusal forces 
= Primary occlusal trauma. 
= Secondary occlusal trauma. 
=" Orthodontic forces. 


Traumatic occlusal force, replacing the term excessive 
occlusal force. The force which exceeds the adaptive 
capacity of the periodontium. 


E. Teeth and prosthetic related factors: 
# Localized tooth related factors. 
= Localized dental prosthesis related factors. 


The term biologic width was replaced by supracrestal 
attached tissues. 


4. PERIIMPLANT DISEASES AND 
CONDITIONS: 


A. Perimplant health. 
B. Periimplant mucositis. 
C. Perimplantitis. 


D. Peri implant soft tissues and hard tissues 
deficiencies. 


A new classification for the dental implants has been 
introduced categorizing the health and deficiencies. 


CONCLUSION: 


The scope of this workshop was to align and update 
the classification scheme to the current understanding 
of periodontal and peri-implant diseases and 
conditions. 
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Review Questions: 


Essay Questions: 


Classify periodontal diseases. 


Short notes: 


a 


What are the advantages and disadvantages of the 
AAP’s Classification of Periodontal Disease and 
Conditions (1999)? 
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DEFINITIONS AND TERMINOLOGY. 

PATHOGENESIS/ STAGES OF GINGIVITIS. 

At health. 

Stage | gingivitis or initial lesion. 

Stage Il gingivitis or early lesion. 

Stage Ill gingivitis or established (chronic) lesion. 
e Stage IV gingivitis; the advanced lesion. 

CLINICAL FEATURES OF GINGIVITIS. 

CLASSIFICATION OF GINGIVITIS. 


Inflammation of the gingiva is termed as gingivitis. 
Gingivitis is the presence of gingival inflammation 
without loss of connective tissue attachment. 


DEFINITIONS AND TERMINOLOGY: 


GINGIVITIS: Inflammation of the gingiva. (Glossary of 


Periodontal terms, 2001) 


ASCORBIC ACID DEFICIENCY GINGIVITIS: 
Inflammatory response of the gingiva to plaque 
aggravated by chronically low ascorbic acid levels. 
(Glossary of Periodontal terms, 2001) 

DESQUAMATIVE GINGIVITIS: A_ non-specific 
term denoting chronic, diffuse inflammation of the 
gingiva with sloughing of the surface epithelium. Can be 


found in several mucosal diseases. (Glossary of 
Periodontal terms, 2001) 
DIABETES-ASSOCIATED GINGIVITIS: 


Inflammatory response of the gingiva to plaque 
aggravated by poorly controlled plasma glucose levels. 
(Glossary of Periodontal terms, 2001) 
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CLINICAL FEATURES OF GINGIVITIS. 


e Gingival bleeding. 

Changes in gingival color. 

Changes in consistency of the gingiva. 
Changes in surface texture of gingiva. 
Changes in position of gingiva. 
Changes in gingival contour. 

TYPES OF GINGIVITIS. 


Review Questions 
Principal Sources and Suggested Further Reading. 


DRUG-INFLUENCED GINGIVITIS: Pronounced 
inflammatory response of the gingiva to plaque and 
drug(s). (Glossary of Periodontal terms, 2001) 


ERUPTIVE GINGIVITIS: Inflammation 
accompanying eruption of the teeth. (Glossary of 
Periodontal terms, 2001) 


HORMONAL GINGIVITIS: A_ generic term 
describing the changes in color, size, shape, or function 
of gingiva resulting from the influence of hormones. 
(Glossary of Periodontal terms, 2001) 


HYPERPLASTIC GINGIVITIS: Characterized by 
markedly enlarged and proliferative margins and 
interdental papillae. (Glossary of Periodontal terms, 2001) 


LEUKEMIA-ASSOCIATED GINGIVITIS: 
Pronounced inflammatory response of the gingiva to 
plaque resulting in increased bleeding and enlargement 
subsequent to leukemia. Enlargement may be partially 
due to leukemic cell infiltration of the gingiva. (Glossary 


of Periodontal terms, 2001) 
vy 
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MARGINAL GINGIVITIS: Inflammation limited to 
the gingiva adjacent to the tooth surface. (Glossary of 
Periodontal terms, 2001) 


MENSTRUAL-CYCLE ASSOCIATED 
GINGIVITIS: Pronounced inflammatory response of 
gingiva to plaque and hormones immediately prior to 
ovulation. (Glossary of Periodontal terms, 2001) 


NECROTIZING ULCERATIVE GINGIVITIS 
(NUG): An infection characterized by gingival necrosis 
presenting as "punched out" papillae, with gingival 
bleeding and pain. Fetid breath and pseudomembrane 
formation may be secondary diagnostic features. 
Fusiform bacteria, Prevotella intermedia, and spirochetes 
have been associated with the lesion. Predisposing 
factors may include stress, poor diet, smoking, and HIV 
infection. See also: Periodontitis, Necrotizing Ulcerative. 
(Glossary of Periodontal terms, 2001) 


NON-PLAQUE-INDUCED GINGIVITIS: Gingival 
inflammation having an etiology other than dental 
plaque, such as gingival diseases of specific bacterial, 
viral, fungal, or genetic origin, due to systemic 
conditions, trauma, foreign body reactions, or other 
causes. (Glossary of Periodontal terms, 2001) 


ORAL CONTRACEPTIVE-ASSOCIATED 
GINGIVITIS: Pronounced inflammatory response of 
the gingiva to plaque and oral contraceptives. (Glossary 
of Periodontal terms, 2001) 


PLAQUE-INDUCED GINGIVITIS: — Gingival 
inflammation resulting from dental plaque. (Glossary of 
Periodontal terms, 2001) 


PREGNANCY-ASSOCIATED GINGIVITIS: 
Pronounced inflammatory response of the gingiva to 
dental plaque and hormones usually occurring during 
the second and third trimesters of pregnancy. (Glossary 
of Periodontal terms, 2001) 


PUBERTY-ASSOCIATED GINGIVITIS: 
Pronounced inflammatory response of gingiva to dental 
plaque and hormones during the circumpubertal period. 
(Glossary of Periodontal terms, 2001) 


GINGIVOSIS: Archaic term for desquamative 
gingivitis. (Glossary of Periodontal terms, 2001) 


GINGIVOSTOMATITIS: Inflammation affecting both 
the gingiva and the oral mucosa. (Glossary of Periodontal 
terms, 2001) 

HERPETIC GINGIVITIS: An infection of the oral soft 
tissues caused by the herpes simplex virus and 
characterized by redness, formation of multiple vesicles, 
painful ulcers, fever, and lymphadenopathy. (Glossary of 
Periodontal terms, 2001) 
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Section - V 
PATHOGENESIS/ STAGES OF GINGIVITIS: 


Different species of organisms in the dental 
plaque induce variations in disease process over time. 
There can be significant changes in the composition of 
plaque flora without a gross variation in the clinical 
picture. 


Most of the tissue damage in periodontal 
disease appears to be an indirect damage by host 
response rather than the infections. Different people 
develop gingivitis at different rates. Some show many 
sites of disease activity whereas others show few 
active sites. Children develop more slowly and to a 
lesser extent than adults do. There is a predominance 
of T-cells in gingivitis of children whereas adult 
gingivitis showed a predominance of B-cells. Both 
humoral and cellular immunity are involved in the 
development of gingivitis. 


The earliest clinical sign of gingivitis is 
transudation of gingival fluid. It is a thin, almost 
acellular transudate, which gets replaced by fluid 
containing serum and leucocytes as_ inflammation 
progresses. 


The redness of gingival margin is due to 
agsregation and enlargement of blood vessels in the 
immediate sub-epithelial connective tissue and loss of 
keratinization on the facial aspects of gingiva. 


The swelling and loss of texture in free gingiva 
is due to loss of fibrous connective tissue and semi- 
liquidity of interfibrillar substance. 


Toll-like receptors (TLR) recognize and 
interact with pathogenic molecules like LPS, bacterial 
DNA and DSRNA, peptidoglycans and lipoproteins. 
They induce’ cytokines, which regulate the 
inflammatory response. CD-I4 is an LPS co-receptor 
that helps in recognition and activation of neutrophils, 
monocytes, macrophages and gingival fibroblasts. 


According to Page and Schroeder (1976), 
e Healthy gingiva has abundant collagen and few 
leukocytes. 
e Initial lesion consists mainly of PMNs 
e Early lesion has numerous lymphocytes 


e Established lesion has predominance of plasma cells 
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At health: 


Gingival epithelium is the first physical barrier of innate 
immunity. TLR4 expression in throughout the epithelium 
and in healthy gingival tissues indicates the sub-clinical 
inflammatory response, although there are no clinical signs 
of inflammation. 


Gingivitis D 
Stage Il gingivitis or early lesion: 
It begins 4 to 7 days after bacterial plaque accumulation; 
may persist for 2| days or longer. 
Clinical signs of gingivitis appear (erythema, edema, 
and bleeding on stimulation/Bleeding on probing). 
Histologic changes: 


Stage | gingivitis or initial lesion: e Persistence of inflammation from initial lesion. 
It starts after 2-4 days after bacterial plaque biofilm e 
accumulation. Changes are not clinically visible. It is a 
subclinical lesion. Hence, it is called as _ subclinical 


gingivitis. 


Migration of leukocytes, macrophages, and 
lymphocytes into the junctional epithelium and 
gingival sulcus. 


Histologic changes: 





Brief vasoconstriction followed by “widening’’ of small 
capillaries (vasodilation), margination, emigration and 
migration of PMNs. 

Leukocytic infiltration of connective tissue, junctional 
epithelium, and gingival sulcus. 

Activation of host systems such as complements/ 
kinins system and arachidonic pathways. 


Increase in flow of GCF into the sulcus. 


Inflammatory infiltrate occupies 5 — 10% of the 
gingival connective tissue, where collagen has been 
lost. The loss of collagen is perivascular in nature 


When gingiva gets inflamed, TLR and CD-14 


expression is restricted to the basal layer of 
epithelium and epithelium-connective tissue interface. 


Fig.| 7-1: Photomicrograph of initial gingivitis 
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e Inflammatory infiltration in the connective tissue 


dominated by lymphocytes (75%): primarily T-cells, 
with some macrophages, plasma cells, and mast 
cells. 


Junctional Epithelium becomes densely infiltrated 
with inflammatory cells and begins to proliferate 
into the connective tissue. 


Destruction of collagen fibers (circular and 
dentogingival) in the infiltrated area./0% of collagen 
is destroyed around the cellular infiltrate. 


Fibroblasts are altered with decreased capacity to 
produce collagen. 


Flow of GCF peaks at 6 to |2 days after signs of 
gingivitis. 

The number of transmigrating leukocytes reaches 
a maximum between 6 to |2 days. 


Sulcular lining is ulcerated (allowing bleeding) 


TLR2 and TLR4 expression is dependent on the 
extent of inflammation. TLR9 expression was 
associated with gingival epithelial cell proliferation 
and enhanced collagenolytic protein expression. 


There is an increase in leukocyte count from 0-21 
days in gingivitis compared to healthy states. 


NOD-like receptor (NLR) P3 expression was 
noted in both healthy and diseased sites. This 
expression could be a host response to pathogens. 


In studies cytokeratins-|9(CK-19) expression was 
restricted only to the sulcular epithelium in 
gingivitis samples. 
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Fig| 7.2: Photomicrograph of early gingivitis 


Stage Ill gingivitis or established (chronic) 
lesion: 


The time period varies and usually takes more than 3 
weeks to develop established gingivitis. It may persist for 
months or years without progressing to stage IV 
(periodontitis). 


Clinical changes: 


Cc 


Erythema (redness) of the gingiva as a result of 
proliferation of capillaries (begins in the papillary 
area) or a bluish hue superimposed over the 
reddened gingiva as a result of congested blood 
vessels, sluggish blood flow, or both. 


Bleeding may occur on probing - because of 
thinning or ulceration of the sulcular epithelium, or 
both. 


Color changes begin in the papillary areal 
gingival margin and then extends to the 
attached gingiva. 


Consistency may be either soft and spongy or 
firm and leathery; depends on whether 
destructive changes or reparative changes 
predominate within the gingiva. 


Texture may be either 


= Smooth and shiny (destructive, exudative 
factors dominant). 


# Stippled and nodular (reparative, fibrotic 
proliferation dominant). 
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Increase in the size of gingiva (enlargement). 


Increase in the depth of gingival sulcus: may be 
caused by a gingival overgrowth leads to a 
gingival or pseudo pocket. 


= Begins with papillary enlargement. 


» Extends into margins, producing 
rounded and bulbous gingival margins. 


Progression of inflammation orchestrated by 
the progression of cytokines. 
=» May remain only within the gingival 
tissues (gingivitis). 
» May extend 


periodontal tissues in 
(periodontitis). 


into the supporting 
stage IV 


Histologic changes: 


Vascular proliferation and increase in number 
and predominance of B-cells and plasma cells. 
They invade deep into the connective tissue. 


Increased expression of TLR4 and mCD 14 cells 
were noted in gingivitis than in healthy tissues. 


Blood vessels are congested, and blood flow is 
impaired. 

Simultaneous proliferation of collagen fibers 
and epithelium along with areas of destruction. 


Widened intercellular spaces in the junctional 
epithelium contain lysosomes, lymphocytes, and 
monocytes; 


Periodontal pathogens found in plaque biofilm 
such as 


# Actinobacillus actinomycetemcomitans(Aa), 
Porphyromonas gingivalis(Pg) and Tanerella 
forsythensis produce collagenase and 
elastinase, enzymes’ that destroy 
connective tissue; 

# Actinobacillus actinomycetemcomitans, 
Porphyromonas gingivalis, and treponema 
denticola also produce a trypsin enzyme 
that kills lymphocytes; 


#  Prevotella intermedia, capnoctophaga, and 


Porphyromonas gingivalis degrade 
antibodies. 

# Actinobacillus actinomycetemcomitans and 
Porphyromonas _ gingivalis invade host 
tissues. 
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Junctional Epithelium can proliferate, develop rete 
pegs and project into the connective tissue. 1. Dental Plaque 


The lateral proliferation of junctional epithelium |ysacterial Pom Y-Toiear- | eele Lee eM LeeLee LSE 
along with deepening of gingival sulcus leads to | cumulation in 3. Gingival inflammation. 
j ; gingival sulcus. 
gingival or pseudo pocket. There is no apical 
migration of junctional epithelium in gingivitis. 















t Increased 
concentration in the 
gingival sulcus. 










4. Periodontitis 
Intervascular spaces 


of JE dialate. 












Penetration into the 
connective tissue via 


Connective tissue 
destruction. 













} Increase in 
inflammatory cells 
















e Collagenase and other enzymes actively breakdown the JE. inflam : 
; . ; ; . including PMNs. Progression to 
connective tissue, resulting in continued loss of pedmedse Periodontal lesion. 
II 
collagen. oon 
e Sulcular lining is ulcerated. 
e Bone loss does not occur in gingivitis. Fig! 7-5: How periodontitis develops? 
e Mast cells are numerous in connective tissue of 
chronically inflamed gingiva than in normal gingiva or CLINICAL FEATURES OF GINGIVITIS: 
in acute inflammation. Gingivitis (inflammation of the gingiva) is a type 
of periodontal disease characterized by changes 
in color, contour and consistency of gingival 
tissues. 
Gingivitis is observed clinically from 4 to |4 
days after plaque accumulates in the gingival sulcus. 
Gingival diseases in Classification of Periodontal Disease 
and Conditions (1999) are as follows: 
|. Gingival diseases: 
A. Dental plaque-induced gingival diseases. 
|. Gingivitis associated with dental plaque only. 
a. Without other local contributing factors. 
b. With local contributing factors. 
2. Gingival diseases modified by systemic factors. 
a. Associated with endocrine system. 
Fig! 7-3: Photomicrograph of established gingivitis |. Puberty-associated gingivitis. 
a ; 2. Menstrual cycle-associated gingivitis. 
Stage IV gingivitis; the advanced lesion: B. Preonancy-associated, 


It is also called as phase of periodontal breakdown. It is 
characterized by true pocket formation. 


a. Gingivitis. 
b. Pyogenic granuloma. 
4. Diabetes mellitus-associated 
gingivitis. 
b. Associated with blood dyscrasias 
|. Leukaemia-associated gingivitis. 
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2. Drug influenced gingivitis. 
a. Oral contraceptive- associated 
gingivitis. 
b. Other. 
4. Gingival diseases modified by malnutrition. 
a. Ascorbic acid —deficiency gingivitis. 


Fig| 7-4; Photomicrograph of severe gingivitis b. Other. 
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B.Non-plaque-induced gingival lesions 
|. Gingival diseases of specific bacterial origin. 


a Neisseria gonorrhea-associated lesions. 

b Treponema pallidum-associated lesions. 

C. Streptococcal species-associated lesions. 
d Other. 

2. Gingival diseases of specific viral origin. 


a. Herpes virus infections 
|) Primary herpetic gingivostomatitis 
2) Recurrent oral herpes 
3) varicella-zoster infections 
b. Other. 
3. Gingival diseases of specific fungal origin. 
a. Candida-species infections 
|) Generalized gingival candidosis. 
b. Linear gingival erythema 
c. Histoplasmosis 
d. Other. 
4. Gingival diseases of specific genetic origin. 
a Hereditary gingival fibromatosis 
b. Other 
5. Gingival manifestations of systemic conditions. 
a. Mucocutaneous disorders 
|) Lichen planus 
2) Pemphigoid 
3) Pemphigus Vulgaris 
4) Erythema multiforme 
5) Lupus erythematosus 
6) Drug-induced 
7) Other 
b. Allergic reactions 
|) Dental restorative materials 
a) Mercury 
b) Nickel 
c) Acrylic 
d) Other. 
2) Reactions attributable to 
a) Toothpastes/dentifrices 


b) Mouthrinses/mouthwashes. 


c) Chewing gum additives 
d) Foods and additives 
3) Other 
6. Traumatic lesions. (factitious, iatrogenic, accidental) 
a. Chemical injury 
b. Physical injury 
c. Thermal injury 
7. Foreign body reactions. 
8. Not otherwise specified (NOS). 
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Section - V 
CLASSIFICATION OF GINGIVITIS: 
Course and eee o 
Extent Distribution 

duration 

) Localized | SLL 
Sub-acute 
Recurrent 

Generalized 
Chronic Diffuse 





Fig! 7-6: Classification of gingivitis 
Based on course and duration: 


e Acute gingivitis is a painful condition that occurs 
suddenly and is of short duration. 


e Sub-acute gingivitis is a less severe phase of the 
acute condition. 


e Recurrent gingivitis reappears 
been eliminated by treatment or 
spontaneously and then reappears. 

e Chronic gingivitis progresses slowly, is of 
long duration, and is painless unless complicated by 
acute or sub-acute exacerbations. It is the most 
commonly encountered type. It is a_ fluctuating 
disease, in which inflammation persists or resolves, 
and even normal areas becomes inflamed later on. 


Based on extent: 
e Localized gingivitis; inflammation is confined to 
gingiva in relation to a single tooth or group of teeth. 


e Generalized gingivitis; inflammation involves the 
entire mouth. 


after having 
disappears 





Fig.1 7-7: Clinical picture showing plaque-induced 
generalized gingivitis 
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Based on the distribution: 


Marginal gingivitis involves the marginal gingiva but 
may include a portion of the contiguous attached 
gingiva. 

Papillary gingivitis involves the interdental papilla 
and often extends into the adjacent portion of the 
gingival margin. Papillae are involved more frequently 
than the gingival margin. The earliest sign of gingivitis 
most often occurs in the papillae. 

Diffuse gingivitis: inflammation affects the gingival 
margin, the attached gingiva, and the _ interdental 
papillae. 





Fig.| 7-7: Clinical picture of papillary gingivitis 
The distribution of gingival disease is described 
by a combination of terms as follows: 

e Localized marginal gingivitis is confined to one 
or more areas of the marginal gingiva. 


e Localized diffuse gingivitis extends from the 
margin to the mucobuccal fold but is limited in 
area. 

e Localized papillary gingivitis is confined to one 
or more interdental spaces in a limited area. 

e Generalized marginal gingivitis involves the 
gingival margins in relation to all the teeth. The 
interdental papillae are usually also affected in this 
variant. 


e Generalized diffuse gingivitis involves the entire 


gingiva. The alveolar mucosa is usually also affected, 


so the demarcation between it and the attached 
gingiva is obliterated. Systemic conditions are 
involved in the etiology, except in cases caused by 
acute infection or generalized chemical irritation. 


Gingivitis 





Fig. 17-8: Clinical picture of diffuse gingivitis 


CLINICAL FEATURES OF GINGIVITIS: 
Gingival bleeding: 


e Bleeding on probing (BOP) represents bleeding 
from the gingival sulcus/pocket when the 
epithelial lining is ulcerated. 


e Bleeding on probing (BOP) and increase in 
gingival crevicular fluid (GCF) production are 
signs which precede established gingivitis. 


e BOP is an objective easily detectable 
diagnostic sign, and it appears prior to gingival 
color change or other visual sign of 
inflammation. 


e The most common cause of gingival BOP is 
chronic inflammation. 


e Certain systemic disorders are associated 
with spontaneous” gingival hemorrhage 
unprovoked by mechanical irritation or after 
irritation. It is often excessive and difficult to 
control. 





Fig! 7-9: Gingival bleeding 
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CAUSED BY LOCAL FACTORS. ASSOCIATED WITH SYSTEMIC DISTURBANCES. 


e Allergy eg. Schonlein-Henoch purpura. 


¢Gingival inflammation due to Plaque. cM ; . 
E q e Coagulation defects: hemophilia, leukemia, Christmas disease. 


MMe lear--1arem aol a emi asi NVc-] moval =1tnl (erm ole e atom Clara) Vc] © Deficient platelet thromboplastic factor (PF3) resulting from uremia. 
laceration- Mechanical injury from toothbrush bristles, e Drugs: excessive administration of salicylates, administration of 


toothpick usage, etc and Gingival thermal burns-hot foods. | anticoagulants eg dicoumarol and heparin. 
¢ Hypoprothrombinemia: Vitamin K deficiency resulting from liver disease or 


Jelqe(a=p 
¢ Multiple myeloma. 
e Platelet disorders: thrombocytopenic purpura, Vit K defiency. 
e Post-rubella purpura. 
e Vitamin C defiency. 





Fig! 7-10: Gingival bleeding 












SPONTANEOUS BLEEDING: 


eBleeds spontaneously without 
mechanical irritation or with slight 
provocation. 

eEtiology: 1. Generally associated 

with systemic causes of bleeding 

like leukemias etc. 2. Local causes: 

ANUG. 


CHRONIC AND RECURRENT | ACUTE BLEEDING 
BLEEDING. 
elt is the commonest cause of BOP. 


inflammation, Periodontitis. 





Etiology: Mechanical trauma such 
as gingival laceration due to 
aggresive toothbrushing, injuries 
due to solid foods like apples, fish 
bones etc. 












Fig. |7-I 1: Types of Gingival Bleeding 


Changes in gingival color: 


The normal gingival colour is best described as coral 
pink or salmon pink. The amount of melanin 
pigmentation varies among different races populations 
and individuals. 


=» Metals that are systemically absorbed may cause 
exogenous gingival pigmentations. They are 
commonly seen deposited in perivascular are 
especially in inflamed tissues. 


» Tattooing can also be seen in oral and gingival 
tissues, commonly due to the __ iatrogenic 
implantation of dental amalgam. 


= Metal alloys are used in dental restorations, 
prosthesis and as_ dental implants. Their 
interaction with biological tissues is not yet 
completely understood. Often histological 
examination shows their corrosion products in Fig.17-12: Physiological Pigmentation 
the adjacent tissue. Localized areas, where such 
metals are used, may show dense particles of 
various shapes and sizes. Diverse extracellular 
and _ intracellular localization patterns are 
detected in the pigmented lamina propria of the 
gingiva. 


A, Sweet he 
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CHRONIC GINGIVITIS 


eRed (with varying intensity depending on the 
vascularization and the degree of gingival epithelization) 
or Bluish red (Bluish hue due to venous stasis). 


Section - V 


ACUTE GINGIVITIS 


eRed with different degrees of intensity and areas of 
involvement and in severe acute inflammation a gradual 
change occurs to a whitish grey appearence. 

eMarginal: ANUG. 

eDiffuse: herpetic gingivostomatis. 

ePatchlike/Diffuse: acute reactions to chemical irritation. 





Fig.17-13: Gingival colour change in gingivitis. 


PHYSIOLOGICAL PIGMENTATION 


e Racial pigmentation commonly seen in 
coloured skin people. 


PIGMENTATION ASSOCIATED WITH 
DISEASES: 


e Addison's disease. 
e Albright's syndrome 


e Peutz -Jeghers syndrome. 
e Von Recklinghausen’'s disease. 





Fig.17-14: Oral/Gingival melanin pigmentations 


CLASSIFICATION OF GINGIVAL PIGMENTATION (Peeran et al.): 


!. Coral pink/salmon pink colored gingiva. 
II. Localized/lsolated spots/areas of gingival 


melanin pigmentation which does not involve all the 


three parts of gingiva, that is, attached, free, and 
papillary gingiva 

= Mild to moderate pigmentation 

= Severe/intense pigmentation 

II1. Localized/Isolated unit/s of melanin 

pigmentation which involve all the three parts of 
gingiva, that is, attached, free, and papillary gingiva 

= Mild to moderate pigmentation. 

= Severe/intense pigmentation. 
IV. Generalized diffuse melanin pigmentation 
which involve all the three parts of gingiva that is, 
attached, free, and papillary gingiva 

= Mild to moderate pigmentation. 

= Severe/intense pigmentation. 


V. Tobacco’ associated pigmentation like 
smoker’s melanosis and chewing tobacco- gray 
hyperkeratosis of the gingiva. 


VI. Gingival pigmentation due to exogenous 
pigments: 
= Amalgam tattoos-Bluish black. 
Cultural gingival tattooing 
Drinks 
Food colors 
Habitual betelnut/ khat chewing 
Lead- Burtonian line (bluish-red or deep blue linear 
pigmentation) 
Mercury- Black line 
Silver- violet marginal line 
Arsenic-Black line 
Bismuth- Black line 
Graphite 
Other foreign bodies 
Topical medications 
# Idiopathic. 
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Vil. Gingival pigmentation due to endogenous 
pigments: 
= Bilirubin 
= Blood breakdown products: Ecchymosis, Petechiae 
= Hemochromatosis — (Iron: Blue grey pigmentation) 
= Hemosiderin 
Vill. Drug-induced gingival pigmentation: 
»" ACTH 
# Antimalarial drugs 
=» Chemotherapeutic agent-busulfan and doxorubicin 
# Minocycline 
= Oral contraceptives 
# Phenothiazines 


IX. Gingival pigmentation associated with systemic 
diseases and syndromes: 


= Addison’s disease. 

» Albright’s syndrome. 

= Basilar melanosis with incontinence. 

= Beta thalassemia. 

= Healed mucocutaneous lesions-Lichen planus, 
Pemphigus, Pemphigoid. 

= Hereditary hemorrhagic telangiectasia. 

= HIV-associated melanosis. 

=" Neurofibromatosis. 


= Peutz-Jeghers and other familial hamartoma 
syndromes. 


= Pyogenic granuloma/Granulomatous epulis. 


X. Pigmented benign and malignant lesions 
involving the gingiva: 


» Angiosarcoma 

=» Hemangioma 

= Kaposi's sarcoma 

# Malignant melanoma 
= Melanocytic nevus 

= Pigmented macule. 


NOTE: Class I-Class IV describe physiologic/racial 
pigmentation. 


Changes in surface texture of Gingiva: 


Healthy gingiva is normally stippled. Though absence of 


stippling does not always indicate an underlying pathology. 


= Loss of surface stippling is an early sign of gingivitis. 
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Gingivitis ) 


CHRONIC GINGIVITIS 





MARKED SOFTNESS. FIBROTIC 


SOGGY PUFFINESS 


PITS ON PRESSURE. nae) a FIRM AND LEATHERY. 


EPITHELIAL DEGENERATION 
WITH LEUKOCYTE INVASION, 
CHANGES IN THE CONNECTIVE 
TISSUE-EPITHELIUM 
RELATIONSHIP AND OEDEMA 


REPAIRATIVE CHANGE: FIBROSIS 
AND EPITHELIAL PROLIFERATION 


INFLAMMATORY EXUDATE AND 
OEDEMA. 


Fig | 7-15: Changes in consistency of the gingiva 
in Chronic gingivitis 


ACUTE GINGIVITIS 


Pseudomembrane 
formation 


Diffuse puffiness 


Vesicle Formation 
and softening 





Intra cellular and 
extra cellular 
oedema 


Necrosis with 
bacteria and cellular 
debris 


Diffuse edema of 


acute inflammatory 
origin. 





Fig | 7-16: Changes in consistency of the gingiva in 
acute gingivitis 


Changes in position of Gingiva: 
RECESSION: Location of marginal periodontal 
tissues apical to the cemento-enamel junction. 
(Glossary of Periodontal terms, 2001) 


GINGIVAL RECESSION: Location of the gingival 
margin apical to the cemento-enamel junction. 
(Glossary of Periodontal terms, 2001). 


SURGICAL RECESSION: Location of the marginal 
tissues apical to the cemento-enamel junction as a 
result of periodontal surgery. (Glossary of Periodontal 
terms, 2001) 


Actual position of the gingiva is the level of 
epithelial attachment on the tooth surface. (Carranza). 


Apparent position of the gingiva is the level of 
crest of gingival margin. (Carranza). 


fio) 
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Non- 
Chronic Epithelial Desquamative mae REE ; inflammatory 
inflammation atrophy gingivitis. eipelval Hy Perkeratosls gingival 
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Fig |7-|7: Changes in surface texture of the gingiva. 





Etiology: 
Gingival recession increases with age. = cuNical UNPLEASANT AESTHETICS. 
: : : : : SIGNIFICANCE 
However the assumption that aging is a physiologic 4%, 
process related to aging lacks evidence. The gradual = OUTCOME OF _DENTINAL HYPERSENSITIVITY. 


apical shift is most probably the result of the — frcrssion 


cumulative effect of minor pathologic involvement 
and repeated minor direct trauma to the gingiva. 


INCREASED SUSEPTIBILITY TO ROOT CARIES. 


f a FOOD ACCUMULATION ESP IN INTERPROXIMAL SPACES. 
The following factors have been implicated in 





the etiology of gingival recession: Fig | 7-18: Clinical significance and outcome of 
= Improper flossing gingival recession. 
# Faulty tooth brushing technique (gingival 


abrasion). Changes in gingival cotour: 


Changes in gingival contour are for the most part 
associated with gingival enlargement, but such changes 
may also occur in other condition. 


Stillman’s Cleft: 


These are apostrophe-shaped indentations extending 
from and into the gingival margin for varying distances. 


# Tooth malposition. 

# Friction from soft tissue (gingival ablation). 
# Gingival inflammation. 

" High frenum attachment. 


" Gingival loss secondary to specific diseases such 
as necrotizing ulcerative periodontitis and 


herpetic gingivostomatitis. = These clefts generally occur on the facial surface. 


= latrogenic causes such as crown preparation. = One or two may be present in relation to a single 
# Oral habits resulting in gingival laceration tooth. 
including traumatic tooth picking and eating = Originally described by Stillman and were 
hard foods. considered to be the result of occlusal trauma. 


Their association to trauma has not’ been 


=" Pocket reduction periodontal surgery. 
substantiated. 


= Secondary to prominent roots. 
= Box subsequently described the clefts as 
5 AeedvealoactenOuxceted aiedear “pathologic pockets in which the _ ulcerative 
ak " ee process had extended to the facial surface of the 
facially displaced teeth, the bony plate is thinned gingiva” 
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# Smoking 
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Table 17.1: Gingival ulceration. 


Traumatic conditions Traumatic ulcers = Faulty Tooth brushing. 
= Improper Flossing. 
= Improper Toothpicks/ Woodsticks 


= Other foreign objects/material usage 


Factitious gingival ulcers 


Viral infections » Varicella 


» EBV — Infectious mononucleosis 


Bacterial infections Gingivitis » Streptococci and gonococci. 
= Syphilis. 
» Tuberculosis. 
= Leprosy. 
Mucocutaneous diseases Desquamative gingivitis = Benign mucous membrane pemphigoid 


# Erythema multiforme 
# Lichen planus 

= Pemphigus Vulgaris 

= Lupus erythematosus. 


They are Classified as: TYPES OF GINGIVITIS: 


" Simple clefts: cleavage occurs in a single direction ee 
Strawberry gingivitis: 
(most common type) 
The clinical presentation of gingival enlargement with 
petechiae is similar to the appearance of strawberry and 


hence its name. It is a form of hyperplastic granular 


= Compound clefts: cleavage occurs in more than 
one direction. 


McCall’s Festoons: 


gingivitis. 
" These are life preserver-shaped enlargement of = It is usually the first sign and diagnostic of ANCA- 
the marginal gingiva that occurs most frequently in associated vasculitis (WWegener’s granulomatosis with 
the canine and premolar areas on the facial polyangiitis). 
surfaces. =» It can also be associated with various systemic diseases 
« le leadsto food accumulation. like Sarcoidosis, Crohn’s disease, Mycobacterial 


infections, Oro-facial granulomatosis, Acute leukemia, 
Malignancies and Drug exposure. 


Plasma cell gingivitis/atypical gingivostomatitis: 


Zoon first described it first as __balanitis 
plasmacellularis. It is usually confined to the anterior 
maxillary gingiva and as a manifestation of plasmacytosis 





STILLMAN’S CLEFT ; ete 
circum orificialis. 
= The causes could be an allergy, neoplasia, HSV infection, 
dietary factors and constituents of chewing gum and 
MC CALL’S FESTOONS flavored toothpaste. 
Fig 17-18: Clinical significance and outcome of —_"_'!t appears as slightly raised, bright red, velvety plaques. 
gingival recession. Histopathology shows a characteristic dense infiltrate 


with plasma cells. 
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gingivitis 
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Fig | 7-19: Common features seen in atypical 
gingivostomatitis 
Gingivitis in scurvy: 

Scurvy is a disease manifestation of Vitamin C 
deficiency. The main feature is prominent bleeding from 
gingiva. The first sign is petechial hemorrhage due to 
capillary fragility. 

Foreign body gingivitis: 

Areas of apparent clinical gingivitis could be due 
to inflammation against implanted organic or inorganic 
foreign materials like cholesterol, keratin, salivary mucus, 
silica, beryllium, zirconium, asbestos, proplast, amalgam, 
sutures, starch, cellulose and lipids. 


These foreign particles are not ordinarily seen in 
healthy tissue. Clinically ulcerative lesions like lichen 
planus can predispose entry of foreign particles. 


Routes of entry could be due to ulceration of 
gingiva during polishing and trimming restorations using 
abrasive disks, stones, burs, high-speed drills, air-abrasion 
and abrasive strips. Even toothbrush abrasion, infections, 
vesiculobullous diseases may disturb the integrity of 
gingival epithelium. 

Daley and Wysocki reported the first non- 
microbial gingivitis due to inorganic foreign particles 
other than amalgam. Histopathology showed 
granulomatous foci containing foreign particles. It could 
be seen more frequently in women than men and may be 
related to hormonal disturbances. 


It usually presents as red or red and white lesion 
which appears clinically as inflamed or ulcerated. 


(14) 


Section - V 


Histopathology shows epithelial hyperkeratosis 
with variable proliferation. The connective tissue shows 
granulomatous inflammation with predominant 
vascularity and_ inflammation with lymphocytes, 
histiocytes, and plasma cells. Foreign bodies range from 
lum to greater than 5um and are negative to PAS and 
Ziehl-Neelsen stains. 


This should be included in clinical differential 
diagnosis when there is gingival inflammation without 
any obvious cause like bacterial plaque, physical or 
chemical trauma or which does not respond to 
withdrawal of the cause. 

Pregnancy gingivitis: 

It is an acute form of gingivitis that affects 

pregnant women with a prevalence of 30-100%. These 


physiological changes are attributed to endocrine, 
metabolic, immune and vascular alterations in pregnancy. 


It shows erythema, edema, and hyperplasia of 
gingiva with increased bleeding. It is self-limiting and 
rapidly declines after delivery with reduction in 
circulating hormones. It is generally well tolerated by 
patients. 


Loe and Silness reported that gingivitis increased 
throughout pregnancy and decreased post-partum and 
was unrelated to dental plaque. 


Russell reported that there were small 
differences in first and second trimesters. Highest 
differences were noted among third trimester and non- 
pregnant individuals. 


Review Questions: 


Essay questions: 


|. Describe the stages of gingivitis. 


2. Describe briefly the clinical features of chronic gingivitis. 


Short notes: 

|. Causes of gingival bleeding. 
Stillman’s Cleft and McCall’s Festoons . 
Metallic pigmentation of gingiva. 
Pregnancy gingivitis. 
Foriegn body gingivitis. 
Strawberry gingivitis. 
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Plasma cell gingivitis. 
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Chapter Outline: 


¢ Necrotizing ulcerative gingivitis 
— Etiology 
— Microbiology 
— Immune defects 
Predisposing factors of NUG 
Classification 
— Clinical features 
— Symptoms 
— Clinical course 
— Diagnosis 
— Treatment 
¢ Primary herpetic gingivo-stomatitis 
— Clinical features 
— Lesions 
— Pain 


Acute is a term used to describe a periodontal condition 
with a short and relatively dramatic course leading to a 
sharp crisis. wo important acute periodontal conditions 
are Necrotizing Periodontal Disease and Acute periodontal 
abscess. 


NECROTIZING ULCERATIVE GINGIVITIS 


Other names: Acute necrotising ulcerative gingivitis, 
trench mouth, ulceromembranous gingivitis, vincent’s 
infection 


NECROTIZING ULCERATIVEGINGIVITIS(NUG): 
An infection characterized by gingival necrosispresenting 


as “punched out’ papillae, with gingival bleeding and pain. 


Fetid breath and pseudomembrane formation may be 
secondary diagnostic features. Fusiform bacteria, Prevotella 
intermedia, and spirochetes have been associated with the 
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— Course of the disease 
— Extra oral Sign and symptoms 
— Histopathology 
— Treatment 
¢ Recurrent herpetic gingivostomatitis 
¢ Pericoronitis/ Operculitis 
— Pathogenesis 
— Clinical features 
— Complications 
— Treatment 
e Review Questions 
— Essay question 
— Short notes 
¢ Principal Sources and Suggested Further Reading 


lesion. Predisposing factors may include stress, poor 
diet, smoking and HIV infection. (Glossary of Periodontal 
terms, 2001) 


It is an acute inflammatory disease of gingiva, which is 
characterised with gingival necrosis. It is a unique, 
painful bacterial infection of marginal and papillary gingiva. 
However, it is not associated with loss of attachment. 


Etiology: 


Microbiology: 


Opportunistic bacteria are the primary etiologic agent. 
Fuso-spirochetal complex (Fusobacterium nucleatum + 
Treponemaspp) with Prevotella intermedia. 


The superficial flora had a predominance of gram-negative 
microbes with rods, spirochetes, and cocci. 


vy 
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There is a subsurface aggregation of various spirochetes, 
which form the pathogenic flora. 


Herpes-like viral particles could be detected on the 
necrotic layer. 


Immune defects: 


Diminished host response to bacterial infection. 
Predisposing factors of NUG 


@ Tobacco smoking 

@ Changes in hypothalamic-pituitary-adrenal axis 
<> Psychological stress. 
<> Inadequate sleep. 
<> Long working hours/sleep deprivation. 
<> Immune suppression. 

@ Poor oral hygiene. 

@ Malnutrition 
<> Low protein consumption 

@ Local trauma. 

@ Immunodeficiency 

@ History of gingivitis/ NUG. 

@ Viral infection such measles 

@ Recent illness 


¢ Alcohol abuse 


Classification: 


It is clinically classified as follows 
Based on the severity and onset of the disease: 


@ Acute form: Necrotizing ulcerative gingivitis generally 
manifests as an acute disease. 


@ Sub-acute form:Persistent disease with milder clinical 
symptoms. 


@ Recurrent form: Repeated bouts of the disease, even 
in previously treated patients. 


Based on the distribution of the disease: 


@ Localised: Involves gingiva in relation to a single tooth 
or a group of teeth. 


@ Generalized: involves extensive areas. 
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Clinical features: 


History: Acute/Sudden onset. 
Generally seen in adolescents. 


Acute onset with rapid progression. 
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‘‘Punched-out” lesions of interdental papilla.-primary 
diagnostic feature of ANUG. 


@ Severe inflammation of marginal gingiva. 


@ Reduction in width of attached gingiva due to 
necrosis. 


@ Whitish yellow to grey pseudomembrane (fibrino- 
purulent membrane) that can be removed, revealing 
raw surface on removal. —A secondary diagnostic 
feature of ANUG. 


@ Linear erythema with circumscribing 
pseudomembrane, delineating it from the uninvolved 
gingiva. 


@ Sudden onset gingival bleeding (spontaneous gingival 
bleeding) that requires little or no provocation. 


Increased salivation. 


Local/regional lymphadenopathy. 


e¢- + 


Leukocytosis. 


@ Rapid progression. 


Symptoms: 


5 


Acute radiating pain. 

Foul breath/fetid odour/fetor oris. 
Metallic foul taste. 

Thick/Pasty saliva. 


Fever (high fever and Increased pulse rate are seen in 
severe cases) 


5 


Loss of appetite. 


Clinical course: 


Pindborg et al. described the progress of necrotizing 
ulcerative gingivitis as follows: 


@ Erosion of only the tip of the interdental papilla. 


@ The lesion extends to the marginal gingiva and causing 
a further erosion of the papilla and potentially a 
complete loss of the papilla. 


@ The attached gingiva is affected. 


¢ Exposure of bone. 
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Diagnosis: 


@ Painful lesions 


@ Punched-out papillae - Punched-out crater like 
gingival ulcers involving the interdental papilla/ 
marginal gingiva. 


@ Spontaneous bleeding from such ulcers 


NECROTIZING 
ULCERATIVE 






*No loss of attachment. 
¢ Gingival compartment. 


PERIODONTITIS (NUP) 







¢Loss of attachment. 

eInvolves gingiva, 
periodontal ligament and 

alveolar bone. 






ACUTE NECROTIZING 
ULCERATIVE 
GINGIVITIS (ANUG) 


N74 


Treatment: 


There is a quick clinical response to mechanical disruption 
of the bacterial mass adjacent to gingival ulcers and with 
antibiotic therapy. Ireatment may allow regeneration of lost 
interdental gingival height but NUG can lead to attachment 
loss. 


For a healthy patient without any systemic diseases, 
treatment of NUG and NUP is almost the same. 
@ Local debridement under local anaesthesia. 


@ Oxygenating mouth-rinses like Hydrogen peroxide 
or Sodium perborate. 


@ Antibiotics: 
<> Amoxicillin(s00 mg every 6hours (QID) for 10 
days) 


<> Metronidazole (500mg bd*7days/200 TIDx4days) 
is the drug of choice. 
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@ Other non-essential features of NUG which may be 
present include 


<> Pseudomembrane covered with sloughed, necrotic 
debris and bacteria 


<> Foetor ex-ore (Foetor oris/ Fetid breath) 
<> Fever and Malaise 


<> Lymphadenopathy — Submandibular and cervical 
lymph nodes. 


NOMA/CANCRUM 
ORIS/GANGRENOUS 


¢Gingiva, periodontal 
ligament, alveolar bone 
and alveolar mucosa. 


STOMATITIS 








¢Extends to and involves 
the oral tissues and facial 
skin. 

eIthas been recently 

reported in Sub Saharan 

Africa 








NECROTIZING 
STOMATITIS 


NY 


Fig. 18.1 Possible progression of ANUG 





<> Erythromycin(500mg QID) 
<> Tetracycline - Not recommended 


@ Non-steroidal anti-inflammatory drugs to relieve 
pain. 

¢ Gingivoplasty, if residual gingival deformity-soft tissue 
craters are seen as the tissue heals. 


Instructions for patients: 
@ Oral hygiene instructions. 
@ Soft diet and copious amount of fluid intake. 
@ Adequate rest. 
@ Avoid Alcohol and smoking. 


@ Short recall visits. 
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PRIMARY HERPETIC GINGIVO-STOMATITIS: 


GINGIVOSTOMATITIS: Inflammation affecting both 
the gingiva and the oral mucosa.(Glossary of Periodontal 
terms, 2001) 


HERPETIC GINGIVITIS: An infection of the oral soft 
tissues caused by the herpes simplex virus and characterized 
by redness, formation of multiple vesicles, painful ulcers, 


fever, and lymphadenopathy. (Glossary of Periodontal 
terms, 2001) 


HERPES (Herpetic Gingivostomatitis, Herpes Simplex): An 
acute infection of the oral mucosa by the herpes simplex 
virus (usually Type |) that is characterized by redness and 
multiple vesicles thateasily rupture to form painful ulcers. 
lt may be accompanied by fever, malaise, and regional 
lymphadenopathy. (Glossary of Periodontal terms, 2001) 


Humans are the natural host for eight of more than 80 
known herpes viruses. Infections with herpes simplex 
virus type | (HSV-I) are ubiquitous worldwide and highly 
transmissible. It is the most common viral infection affecting 
the gingiva and is caused by herpes simplex virus | (HSV-I). 
Incidence; Highest incidence is among infants and children 
younger than 6years of age. 


Sex predilection: No sex predilection. 


Aetiology: Herpes simplex virus-l (HSV-I). (Incubation 
period-10 to |4 days). 


Clinical features: 


Oral signs and symptoms: Reddened Gingiva with intense 
gingivitis. 
Lesions: 


@ Multiple, spherical grey coloured vesicles turning 
rapidly into painful ulcers after 24 hours, which heal 
with no scarring. 


@ The ulcers are rounded by a red, elevated, halo-like 
margin and depressed yellow (necrotic) centre. 


@ May appear without vesicle formation as erythematous 
enlargement of marginal gingiva. 


@ Location and distribution of the lesions: Lesions in 
herpetic gingivostomatitisare seen in gingiva and oral 
mucosa including lips, cheeks, pharynx, and palate.. 


Pain: 


@ The lesions are painful. 
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@ Lesions are very sensitive to touch, thermal changes 
and acidic foods. 


@ They frequently become secondarily infected. 
@ Infants may refuse food. 

Course of the disease: 
@ It is self-limiting. 


@ Acute symptoms last for 7 tol0 days may last upto 
| 4days. 


¢ Complete remission may take 3-4weeks. 

@ It remains in the trigeminal ganglion in a latent form. 
Extra oral sign and symptoms: 

@ Prodromal state (slight fever and malaise). 
Symptomatic infection; 
High fever 102°-104° F (38.8°C-40.6°C.), 
Malaise, Anorexia, 


Headache, irritability, dysphagia 
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Lymphadenopathy 

@ Submandibular gland involvement and dehydration. 
Histopathology: 

Tzanck cells are seen. (Multinucleated, epithelial giant cell 
with ballooning degeneration, acantholysis, nuclear clearing 
and nuclear enlargement). 

Diagnosis: History and clinical findings lead to the 
diagnosis. 

Treatment: 

@ It is viral in origin; hence, antibiotics are ineffective. 
Unless lesions become secondarily infected. 

@ The treatment is palliative mostly. 

@ Topical anaesthetic mouthwash and ointments may 
render help for patient in taking food. (consider 
orabase or viscous lidocaine or Benzocaine 
lozenges) 

@ Oxygenating mouthwashes (Hydrogen peroxide) are 
irritating and contradicted. 

@ Supragingival scaling is of help in reducing gingival 
inflammation. 

@ Antiviral compounds (nucleoside analogues that 
inhibit DNA synthesis, e.g., acyclovir) are indicated 
in immunosuppressed patients or children with acute 
herpetic gingivostomatitis. 
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@ Acyclovir,;when started within the first three days of 
the disease onset helps (15mg/kg, 5 times daily for 5 
days in an oral suspension) decreased length of oral 
lesions (median 4v10 days), fever (I v3days), extraoral 
lesions (Ov5.5days): eating difficulties (4v/days), 
drinking difficulties (3v6édays) and viral shedding (Iv5 
days) when compared to placebo. 


@ Acyclovir ointment is also of some benefit. 
@ Adequate intake of fluids. 
@ 500mg lysine QID may prevent recurrent lesions. 


Recurrent herpetic gingivostomatitis: 
These recurrent herpetic lesions may be associated with, 
@ Febrile diseases/illness. 
Fever. 
Anxiety or emotional stress. 


4 

4 

@ Menstruation 
@ Sun exposure/ultraviolet radiation. 
4 


Trauma (corner of mouth or palate near injection 
site). 


Herpes labialis/ Orolabial herpes/ Cold sores/ 
Fever blisters: 


HERPES LABIALIS: An attenuated form of herpes found on the 
vermillion border of the lips. Commonly called cold. 


Acute Periodontal Diseases 


sores or fever blisters. (Glossary of Periodontal 


terms, 2001) 


Herpes simplex labialis is the infection of the lips and 
perioral tissues caused by HSV-]. It is a rash of the skin 
and mucous membranes and characterized by erythema 
and blisters that are preceded and accompanied by burning 
pain. 


lt is commonly seen at the vermillion border of the lip. 
Facial lesions of herpes labialis may be unsightly, frequent 
outbreaks unpleasant and the infection itself more severe 
locally and systemically in immune-compromised people. 





Fig. 18.2 Clinical picture showing herpes labialis 


Herpetic whitlow: (It is not an acute periodontal 
condition) 


lt is a primary infection occurring in the finger of healthcare 
professionals. It occurs in subjects with no prior encounter 
to herpes and possess no antibodies. 


Table 18.1: Differences between Necrotizing ulcerative gingivitis and Acute herpetic gingivitis 


Necrotizing Ulcerative 


Acute Herpetic Gingivitis 





Aetiology 


Gingivitis 
Fusospirochetal complex 


Site of ulcers 


Character of ulcers 


Covered by Slough 


Spontaneous bleeding 
Painful 
Clinical features Slight fever 


Painful gums 


Short course (I-3 days) if treated 


promptly 


Periodontics & Oral Implantology 


Interdental papilla, Marginal gingiva 


Punched-out crater-like ulcers 


Herpes Virus 
Involves gingiva and entire oral mucosa 


Multiple vesicles coalesce into shallow, regular 
ulcers. 


Covered with fibrin 


No tendency to bleed 
Not tender 

High fever >38°C 
Sore mouth 


More than | week, even under therapy. 
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Pericoronitis/ Operculitis: 


OPERCULUM: The flap of mucosa over a partially 
erupted tooth.(Glossary of Periodontal terms, 2001) 


PERICORONITIS: Acute inflammation of the gingiva 
and/or mucosa surrounding a partially erupted tooth. 
(Glossary of Periodontal terms, 2001) 


It is the inflammation of the gingiva and may involve mucosa 
surrounding the crown of a partially erupted tooth. It can 
be acute, sub-acute or chronic. 


Pathogenesis: 


The soft tissue covering the partially erupted tooth turns 
into a site of entrapment of food debris and proliferation 
of microorganisms. This leads to inflammation. Trauma, 
occlusion (over erupted opposing tooth) and food debris/ 
foreign bodies may aggravate the condition. 


Clinical features: 


@ Frequently affects the mandibular third molars. 


Sd 


Operculum is red, oedematous and tender and may 
be suppurating. 


Radiating Pain. 
Foul taste. 

Bad odour. 
Lymphadenitis. 
Fever 
Leukocytosis. 
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Malaise. 





Fig. 18.3: Pericoronitis involving the mandibular third molar. 
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Complications: 


The following complications may be seen 
@ Pericoronal abscess. 


@ Pericoronitis in the third molar region may lead to 
trismus of the mandible. 


Radiographic features: Always associated with a partially 
erupted/Impacted tooth. 


Sequelae: Rarely pericoronitis may progress to 
@ Peritonsillar abscess. 
@ Cellulitis. 
@ Ludwig's angina. 

Treatment: 


Irrigation beneath the operculum with an antiseptic 
agent. 


@ Antibiotic therapy: Metronidazole is the first drug of 
choice (200mg tid 3days). 


@ Operculectomy when the tooth needs to be 
retained. 


Review Questions: 


Essay question: 
|. Discuss briefly the acute periodontal lesions. 
Short notes: 


2. What are the _ clinical features. of 
necrotizing ulcerative gingivitis (ANUG)? 


acute 


3. Describe the diagnosis and management of Acute 
Herpetic Gingivostomatitis. 


4. What are the clinical features and complications of 
pericoronitis? 


Principal Sources and Suggested 
Further Reading: 


¢ Cobb CM, Ferguson BL, Keselyak NT, Holt LA, 
MacNeill SR, Rapley JW. A TEM/SEM study of the 
microbial plaque overlying the necrotic gingival 
papillae of HlV-seropositive, necrotizing ulcerative 
periodontitis. | Periodont Res 2003; 38; 147-155. 
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@ Corbet EF Diagnosis of Acute periodontal lesions. @¢ Murayama YI, Kurihara H, Nagai A, Dompkowski D, 
Periodontology 2000, 2004; 34: 204-216. Van Dyke TE. Acute necrotizing ulcerative 

¢ DannewitzB, Eickholz P KohlA, Komposch G,Tomakidi gingivitis: risk factors involving host defense 
P Molecular changes in the gingival epithelium mechanisms. Periodontol 2000. 1994; 6:1 16-24. 
associated with necrotizing ulcerative periodontitis: @ Newman et al., Carranza’s Clinical Periodontology, 
A case report. Int J Periodontics Restorative Dent |O/e, 2006, Saunders, St Louis, Missouri. 
2006;26:191—196  Vandersall, D. (2007). Concise Encyclopedia of 

@ Eley BM, Soory M, Manson.JD. Periodontics 6th edn. Periodontology (Ist ed.). Ames, lowa: Blackwell 
Churchill Livingstone. Munksgaard. 


@ Glossary of Periodontal Terms, 4th Ed., The American 
Academy of Periodontology, 200 | 


@ Loesche WJ, Syed SA, Laughon BE, Stoll J. The 
bacteriology of acute necrotizing ulcerative gingivitis. 
J Periodontol. 1982; 53:223-30. 
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— Periodontal abscess and periapical abscess 
¢ Gingival abscess 
¢ Pericoronal abscess 


Odontogenic or dental abscesses have been defined 
according to their infection source, as endodontal or 
periapical abscess, periodontal abscess, and 
pericoronal abscess. Abscesses of periodontium are 
classified as: 


@ Gingival abscess 
@ Periodontal abscess 
@ Pericoronal abscess 


Acute abscess is frequently encountered as a 
dental emergency and has high prevalence in both 
untreated and during treatment of periodontitis patients. 


DEFINITION AND TERMINOLOGY: 


ABSCESS: Localized collection of purulent exudate (pus) 
in a cavity formed by the disintegration of tissues. 
(Glossary of Periodontal Terms, 2001) 
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¢ Differential diagnosis for periodontal abscess 
¢ Infected periodontal cyst: 
¢ Tooth fractures associated with abscesses: 
— Abscess around implants 
— Combined periodontal/endodontic lesions (Abscesses): 
¢ Treatment of periodontal abscess 
— Antibiotic therapy 
— Instructions to the patient after initial therapy 
— Treatment of the chronic periodontal abscess 
— Treatment of endo/perio lesion 
— Complications of periodontal abscess 
e Review Questions 
— Essay questions 
— Short notes 
¢ Principal Sources and suggested Further Reading 


ACUTE ABSCESS: An abscess of relative short 
duration, typically producing pain and local inflammation. 
(Glossary of Periodontal Terms, 2001) 


CHRONIC ABSCESS: 


|. Abscess of comparatively slow development with 
little evidence of inflammation. There may be an 
intermittent discharge of purulent matter. (Glossary 
of Periodontal Terms, 2001) 


2. Long-standing collection of purulent exudate. It may 
follow an acute abscess. (Glossary of Periodontal 
Terms, 2001) 


GINGIVAL ABSCESS: A localized purulent infection 
that involves the marginal gingiva or interdental papilla. 
(Glossary of Periodontal Terms, 2001) 
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PERICORONAL ABSCESS: A localized purulent 
infection within the tissue surrounding the crown of a 
partially erupted tooth. (Glossary of Periodontal Terms, 
2001) 


PERIODONTAL ABSCESS (Parietal A.): Localized 
purulent inflammation in the periodontal tissues; also called 
lateral periodontal abscess. (Glossary of Periodontal Terms, 
2001) 


RESIDUAL ABSCESS: Abscess produced by the 
residues of a previous inflammatory process. (Glossary of 
Periodontal Terms, 2001) 


WANDERING ABSCESS: Abscess in which purulent 
material flows along a course of decreased resistance 
and discharges at a distant point. (Glossary of Periodontal 
Terms, 2001) 


GINGIVAL CYST: Found within the gingiva, most 
commonly in the mandibular canine-premolar region. 
Believed to be derived from epithelial rests of the dental 
lamina. (Glossary of Periodontal Terms, 2001) 


CYST: A pathologic cavity lined by epithelium and 
usually containing fluid or semisolid material. (Glossary of 
Periodontal Terms, 2001) 


LATERAL PERIODONTAL CYST: A small cyst of the 
periodontal ligament found most often in the mandibular 
canine and premolar areas; associated with a vital tooth 
and postulated to originate from the rests of Malassez, the 
rests of the dental lamina, or a supernumerary tooth bud. 
(Glossary of Periodontal Terms, 2001) 


PERIODONTAL ABSCESS: 


A periodontal abscess is a localized purulent inflammation 
within the periodontal tissues (Carranza) leading to 
destruction of collagen fiber attachment to cementum 
and loss of alveolar bone. It is also called as a lateral 
abscess or parietal abscess. 


Normally the pus drains through the periodontal pocket 
and hence, the abscess formation is relatively rare. If 
left untreated, it can result in tooth loss and spread of 
infection to adjacent tissues. 

The periodontal abscess has been defined as a lesion with 
an expressed periodontal breakdown, occurring during a 
limited period of time, and with easily detectable clinical 
symptoms (Hafstro m et al) with a localized accumulation 
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of pus (De-Witt et al, Carranza), located within the gingival 
wall of the periodontal pocket (Carranza). 


Periodontal abscesses caused by foreign bodies, related 
with oral hygiene aids, have been named*oral hygiene 
abscesses” (Gillette & Van House) 


The prevalence is approximately 7% - 14% around the 
world. 


The frequent complaint is swelling and pain, associated 
with pockets deeper than 6mm. The majority is noted in 
untreated patients. It usually involves lower incisors and 
molar teeth on the buccal aspect. 


Aetiology: 


@ The main aetiology is pre-existing deep periodontal 
pocket with marginal closure. 


@ Periodontal abscesses can also be caused by 
foreign bodies such as oral hygiene aids. 


Microbial aetiology: 


@ Periodontal abscess is termed as a mixed anaerobic 
infection based on its microbiology, which is similar 
to that of deep periodontal pockets. This infection 
occurs due to invasion of the periodontal tissues by 
bacteria. 


@ Usually shows anaerobic gram-negative — rods, 


spirochetes, and facultative gram-positive cocci. 

@ High proportion of Porphyromonas gingivalis is 
identified in such lesions. Strains VWW83 and W50 are 
noted among spreading abscesses. 


@ ItalsoshowP.intermedia,I.forsythia,I.denticola,P.nigrescens, 
Enucleatum, Fusobacterium spp, P.micros, C.rectus, S.mitis, 
A.actinomycetamcomitans and P. melaninogenica. 


@ Higher ratio of spirochetes in exudates. 


@ In HIV patients, cytomegalovirus and Epstein-Barr 
virus Type | have been associated with abscess 
formation. 


Predisposing factors: 


¢ Alterations in root morphology or root integrity, 
cervical and cemental tears, enamel pearls, external 
root resorption, invaginated tooth or cracked tooth. 
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@ Changes in subgingival microflora 


¢ Deep or Complex periodontal pocket, tortuous 
pockets with acul-de-sac. 


@ Diabetes mellitus — Increase in susceptibility due 
to impaired cellular immunity, decreased leukocyte 
chemotaxis/phagocytosis/anti-bacterial activity, 
vascular changes, altered collagen metabolism 


Drug administration like Nifedipine 
Furcation involvement. 

Intra-bony defects. 

Recurrent periodontal disease. 


Refractory periodontitis 
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Seen during or after periodontal therapy — due to 
residual calculus or microbial penetration during 
subgingival instrumentation/ Incomplete calculus 
removal. 


@ Super infections after recent systemic antibiotic 
therapy like penicillin/ tetracycline/ erythromycin. 


¢ Traumatic events like impaction of food/foreign debris 
like orthodontic elastics, dental floss, and toothpick, 
perforations by endodontic instruments. 


¢ Untreated periodontitis 


Pathogenesis: 


A periodontal abscess is a bacterial infection involving 
the periodontal tissues. 


@ Deep extension of infection or inflammation from the 
inner surface of a periodontal pocket or the adjacent 
supporting tissue. The rate of destruction depends on 
the virulence and growth of bacteria within the foci. 


@ Occlusion of the periodontal pocket orifice: 


<> In deep periodontal pocket. Esp. with complex 
pocket and compound pockets. 


<> With remaining plaque and calculus-microbial 
niche deep due to incomplete removal of 
calculus. 


@ A periodontal abscess may occur in the absence of 
periodontal disease. It may be of 


<> Traumatic origin: Following trauma to the tooth. 
E.g.,vertical fractures. 
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<> latrogenic origin: Perforation of the lateral wall of 
the root in endodontic therapy. 


Classification: 


Periodontal abscess are classified as follows: 


|. According to the location: 


a. Abscess in the supporting periodontal 
tissues along the lateral aspects of the root. There 
is generally a sinus in the bone, which extends 
laterally from the abscess to the external surface. 


b. Abscess in the soft tissue wall of a deep 
periodontal pocket. 


2. According to the duration: 


a. Acute periodontal abscess: It has rapid onset, 
a rapid course and is accompanied with pain and 
discomfort.Acute lesions often subside but persist 
in the chronic state, whereas chronic lesions may 
exist without any acute predecessor. 


b. Chronic periodontal abscess: Chronic lesions 
frequently undergo acute exacerbation. 


3. According to the number: 
a. Single abscess — Usually related to local factors 


b. Multiple abscesses-— Usually seenin uncontrolled 
diabetes mellitus, medically compromised patients 
and untreated chronic periodontitis patients. 


4. Based on Etiology: 


a. Periodontitis related abscess: Acute infection 
arising from a biofilm in deep periodontal pocket 


b. Non-Periodontitis related abscess: Acute 
infection resulting from other local sources like 
foreign body impaction, altered root integrity,etc. 


Acute periodontal abscess: 


@ Acute periodontal abscess is accompanied by 
@ Symptoms 


<> Pain: throbbing, radiating pain, tenderness of the 
gingiva to palpation, sensitivity of the tooth to 
percussion. 


<> Tooth mobility. 
<> Regional lymphadenitis 
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<> Systemic effects such as fever, leukocytosis and @ Even chronic lesions can show acute exacerbations 

malaise. with all the associated symptoms during its course. It 
is usually a flare-up of a pre-existing disease, caused 
by change in subgingival flora or decreased host 
resistance or both. 


@ Involved teeth show increased mobility. 


@ The acute periodontal abscess appears as an ovoid 
elevation of the gingiva along the lateral aspects of 
the root. Radiographic appearance: 


@ The gingiva is oedematous and red, with a smooth, 


The typical radiographic appearance of periodontal abscess 
shiny surface. 


is of a discrete area of radiolucency along the lateral aspect 
@ The shape and consistency of the elevated area varies. of the root. However, the radiographic picture is often not 
lt may be dome-like and relatively firm or pointed typical because of many variables such as: 


and soft. @ The extent of bone destruction and the morphology 


@ In most instances, pus may be expressed from the of the bone. 
gingival margin by gentle digital pressure or probing. 


@ The stage of the lesion: In the early stages, the acute 
This may be absent in tortuous pockets. 


periodontal abscess is extremely painful but presents 


@ Bleeding on probing may be noted. no radiographic changes. 
@ Some involved teeth can show extrusion from its @ The location of the abscess: Lesions in the soft 
socket. tissue wall of a periodontal pocket are less likely to 


produce radiographic changes than those deep in the 
supporting tissues. 


@ It may induce bacteremia and involve distant sites 
too. 


@ Abscess on the facial or lingual surface are obscured 
by the radiopacity of the root, interproximal lesions 
are more likely to be visualized radiographically. 


@ The radiograph alone cannot be relied upon for the 
diagnosis of a periodontal abscess. 


@ There may be bone loss related to previous 
periodontal disease. 


Histopathology: 





@ Intact neutrophils surrounding a central area of soft 
Fig. 19.1 Acute Periodontal abscess tissue debris and destroyed leukocytes. 


@ Later stages show a pyogenic membrane with 


Chronic periodontal abscess: 
organized macrophages and neutrophils. 


¢ Sinus: Small pinpoint opening onto the gingival 


mucosa from the source deep into the periodontium _ Diagnosis; 
can be noticed somewhere along the length of the root. ¢ It is usually diagnosed on the basis of history, clinical 
@ Exudate: History of intermittent exudation. and radiographic evaluation. 
It is usually asymptomatic. ¢ Continuity of the lesion with the gingival margin is 


. . clinical evidence of a periodontal abscess. 
@ Patients may sometimes have 


@ The suspected area should be probed carefully along 
the gingival margin in relation to each tooth surface 
~ Slight elevation of the tooth. to detect a channel from the marginal area to the 


<> A desire to grind on the tooth. deeper periodontal tissues. 


<> Episodesof dull, gnawing pain. 
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@ The abscess is not necessarily located on the same 
surface of the root as the pocket from which it is 


formed. 


@ A pocket on the facial or lingual surface may give rise 
to a periodontal abscess interproximally. 


@ Because impairment of drainage is more likely to 


occur when a pocket follows a tortuous course. 


@ Its prognosis is poor, as a tooth associated with 


abscessis termed as hopeless and could be a reason 


for tooth extraction. 


Table 19.1: Periodontal abscess and periapical abscess: 


Characteristics 


Periodontal abscess (more likely - 


Abscesses of Periodontium )) 


Differential diagnosis: 


Acute abscesses of the periodontium should be diagnosed 
and differentiated from those due to endodontic causes. 
Failure to treat such presentations can affect the prognosis 
and may lead to tooth loss. 


Acute periodontal lesions respond favourably to relevant 
emergency periodontal therapy of pus drainage and pocket 
debridement. 


lf the response is not rapid, other lesions should be 
diagnosed. 


Periapical abscess (more likely — 





Causes 


History 


Pain 
Discharge 


Sinus 


Swelling 


Area of maximum 
tenderness 


Timing 

Tender to percus- 
sion 

Pocket formation 


Traumatic injury/ 
dental caries/large 
restoration 


Bitality of tooth 


periodontal in origin) 


Periodontal disease, Periodontal therapy, Previ- 


ous antibiotics 
Periodontal disease 
Periodontal treatment 


Previous antibiotic therapy 
Dull pain, less severe. 
Through the pocket 


Sinus on the lateral aspect of the tooth sug- 
gests periodontal involvement. 


Seen gingivally 


More gingival. 


Swelling precedes pain. 


Tender to lateral percussion. 


Periodontal pocket is present and probing 
releases pus. 


Is not necessarily present. 


Usually vital. 


endodontic in origin) 


Caries, Fracture, Tooth wear, Restorations, 
Endodontic therapy 


Caries, Fracture, Tooth wear 
Restorative / Endodontic treatment 


Sharp pain, usually severe. 
Usually around the apex 


Sinus is located apically. 


Seen over the apex. 


Over apex. 


Pain precedes swelling. 


Tender to vertical percussion. 


Narrow probing depth, not extending to 
tooth apex. 

Periodontal pocket may be present in com- 
bined lesions. 


Is a usual finding. 


Non-vital. 
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May show previous restorations 


Radiographic Radiolucency along the lateral surface of tooth- Apical rarefaction. 
appearance marginal bone loss. 

Evidence of periodontal disease like furcation 

involvement, angular and crestal bone loss. 
Response Dramatic improvement with periodontal 


therapy 


A tooth with periapical lesion can also show a periodontal 
abscess, and such cases are diagnosed as (Periodontal- 
Endodontic lesion) 


Gingival abscess: 


The principal differences between the periodontal abscess 
and the gingival abscess are location and history. The 
gingival abscess is confined to the marginal gingiva, and it 
often occurs in previously disease-free areas. 


It is usually an acute inflammatory response to foreign 
material forced into the gingiva or gingival sulcus. In rare 


Table 19.2: Differential diagnosis for periodontal abscess: 


Poor or No response to periodontal therapy. 


instances, it results from infection of an epithelium-lined 
gingival cyst. 


Diagnosis is arrived with a history of pain for 1-2 days and 
a localized, red, shiny swelling within marginal gingiva. 


Pericoronal abscess: 


It is diagnosed easily when, the abscess is present in 
association to a partially erupted tooth. There is no 
periodontal pocket formation on the vital tooth or vital 
teeth adjacent to the partially erupted tooth. 


Gingival abscess 


Location of the abscess and Periodontal status 


Pulpal response, Apical lesion on radiographs, No increase or slight increase in 


probing depth 


Pericoronal abscess 
Incomplete root fracture 


Endodontic perforations or Post- 


perforations angulations). 


Infected periodontal cyst: 


lt is an uncommon lesion which produces localized 
destruction of the periodontal tissues along a lateral root 
surface. Most often in the mandibular canine-premolar area. 
The following possible aetiologies have been suggested: 


@ Odontogenic cyst. 
Lateral dentigerous cyst. 


@ Primordial cyst of supernumerary tooth germ. 
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Partially erupted tooth, Adjacent vital teeth, No increase in probing pocket depth 
Clinical finding of fracture, Radiographic finding of fracture 


Radiographic features (More than one exposure can be detected at different 


A periodontal cyst is usually asymptomatic and without 
grossly detectable changes, but it may present as a 
localized tender swelling. Radiographically, the periodontal 
cyst appears on the side of the root as a radiolucent area 
bordered by a radiopaque line. 


Tooth fractures associated with abscesses: 


@ Avertical fracture of tooth (Crown-Root fracture) can 
push supragingival flora/material into the subgingival 
environment leading to abscess formation. 
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<> Teeth that are previously endodontically treated 
have higher risk for vertical fracture. 


<> Due to the diet and genetic variations, Chinese 
people have higher risk for vertical fracture in 
non-carious, non-restored molars. 


<> History reveals sharp pain on the fractured tooth 
when applied pressure or during chewing. 


<~ Bite test, Transillumination with fiber-optic light 
and use of dyes can be used to identify such cases. 
Visual examination with loupes or operating 
microscopes to verify cracks and fractures is 
essential in such cases. 


<> Radiographs may reveal widening or radiolucency 
in the fractured tooth (crown/root). 


Abscess around implants: 


Similar to those around natural teeth, abscess can 
occur in relation to implants. The collagen fibres are not 
perpendicular to the implant surface, differentiating from 
tooth. Tissue destruction is more around implants than in 
teeth. 


Combined periodontal/endodontic lesions 
(Abscesses): 


These are localized, circumscribed areas of infection 
originating in the periodontal and/or pulpal tissues. 


@ The infections may arise primarily from pulpal 
inflammatory disease expressed itself through the 
periodontal ligament or the alveolar bone to the oral 
Cavity. 


@ They also may arise primarily from a periodontal 
pocket communicating through accessory canals 
of the tooth and or apical communication and 
secondarily infect the pulp. 


@ In addition, they may arise as a sequel of a fractured 
tooth. 


Clinical features: 
@ Smooth, shiny swelling of the gingiva or the mucosa 
@ Pain 
@ Area of the swelling will be tender to touch 
@ Purulent exudate 


@ Tooth may be sensitive to percussion and mobile 
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A fistula may be present 


@ Rapid loss of periodontal attachment and peri- 
radicular tissues may occur 


5 


Facial swelling and cellulitis 


Buccal view 








Fig. 19.2 Non-Periodontitis related abscess due to 
impaction of orthodontic band 
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Treatment of periodontal abscess: 


It is usually done in two stages, management of acute lesion 
and appropriate treatment of the original/residual lesion 
after the control of acute situation. 





G of . : 
eee @ Alleviate the pain. 

Treatment includes irrigation with warm saline or 0.12% 3 3 
chlorhexidine, exploration of the gingival crevice for a 3 * ¢ Control the Je =eTe of 
foreign object, incision and drainage of a fluctuant abscess, D = infection. 
systemic antibiotics and debridement with plaque control. 5 be : ; 

' | _ hea §6@ «EStablish drainage. 
Traditional methods of surgery include gingivectomy, flap = o 


surgery or extraction of the affected tooth. The 
complications of | surgical management _ include 
hypersensitivity of exposed roots, gingival recession, poor 
aesthetics and recurrence of abscess. 


Fig. 19.3 Purpose of treatment of an acute 
periodontal abscess 


Drainage can be established through the pocket or by means of an incision from the outer surface. 


ESTABLISHING DRAINAGE 


CLOSED APPROACH Open flap approach 


Inverse bevel incision, full 
thickness Mucoperiosteal flap 
and vertical incision. 


Drainage through the pocket: Drainage through an external 
Pocket retraction incision 


In chronic periodontal abscess where 
non surgical periodontal therapy alone is 
insufficient for management. 


Vertical /Stab incision using a surgical 


Using a periodontal probe 
Bat blade 


Scaling and Root planing if possible. Scaling and Root planing Scaling and root planing are to be done. 





Fig. 19.4:Establishing drainage in periodontal abscess 
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Antibiotic therapy: 
Penicillin/ Amoxicillin with metronidazole/ 


Tetracycline/Minocycline/Erythromycin/ Clindamycin/ 
Ornidazole/ Tinidazole are prescribed for patients 
with elevated temperatures or diffuse/large abscesses 
with extreme pain. 


Instructions to the patient after initial 
therapy: 


@ Patient without systemic complications is instructed 


to rinse often with warm saline and to return for 


follow-up evaluation the next day. 


@ The patient is also instructed to avoid exertion and 
is placed on a copious fluid diet. If necessary, bed 
rest is recommended. 


@ Analgesics are prescribed for pain. 


@ The next day, the swelling is generally markedly 


reduced or absent, and the symptoms subsided. 


@ If acute symptoms persist, the patient is instructed 


to continue the regimen prescribed the previous day 


and to return in 24 hours. 


@ The symptoms invariably disappear by this time, and 
the lesion is ready for the usual treatment of a chronic 
periodontal abscess. 


Treatment of the chronic periodontal 
abscess: 


After adequate drainage, antibiotic treatment, or both, the 
acute abscess becomes chronic, some cases have drained 
spontaneously, and the patient is then diagnosed as having 
a chronic abscess. Further treatment is similar to that of a 
periodontal pocket. 


For gingival abscess: 


@ Elimination 
debridement. 


of the foreign object by careful 


¢ Drainage 
<> Through the sulcus by a probe or by light scaling. 
<> Stab incision. 

@ Rinsing with warm saline mouthwash. 


@ Follow up after 24-48 hours. 
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Treatment of endo/perio lesion: 


Establish drainage by debriding the pocket and/or by 
incising the abscess. It can be followed with endodontic 
therapy, limited occlusal adjustment, pocket irrigation, anti- 
microbials and manage patient comfort. 


Surgical access may be needed for debridement. Some 
cases may require extraction. It should be followed with 
comprehensive periodontal and endodontic examination 
after resolution of acute symptoms. 


Complications of periodontal abscess: 


@ Tooth loss: Abscesses can lead to tooth loss in cases 
of moderate to severe periodontitis and during 
maintenance phase. 


@ Systemic effects: Dissemination of infection with 
bacteraemia. Usually related to Candida species, 
Bacteroides species leading to brain abscesses, knee 
infections, cervical fasciitis, infection of breast and 
upper extremities, necrotizing cavernositis, and so 
on. 


@ Cellulitis: Space infection involving the face and neck. 





Fig. 20.4 Clinical picture showing facial cellulitis involving 
multiple tissue spaces 
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Fig. 20.5 Clinical picture showing Ludwig’s angina with 
elevation of tongue and floor of the mouth. ¢ 


Review Questions: 


Essay questions: 


|. Define Periodontal abscess. Discuss the clinical 


features, diagnosis and management of acute 


periodontal abscess. 


Short notes: 


2. Describe briefly the Gingival abscess. + 


3. What are the differences between the periodontal 


and periapical abscess? 
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Introduction 


Gingiva constitutes that part of the oral mucosa which 
covers the alveolar processes of the jaws and surrounds the 
neck of the teeth. Based on the anatomical position,gingiva 
is divided into free /marginal gingiva, attached gingiva and 
interdental gingiva (Figure | and 2). 





Fig. 20.1 Healthy gingiva showing (A) Interdental gingiva, 
(B) Marginal gingiva, (C) Attached gingiva. 


The marginal, or unattached, gingiva is the terminal edge or 
border of the gingiva surrounding the teeth in collar-like 
fashion. It is coral pink in color with a dull surface and firm 
consistency in healthy individuals. 
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The attached gingiva extends apically from the free gingiva 
to the mucogingival junction, where it becomes adjoins 
with the darker red alveolar mucosa. The attached gingiva 
is firmly adherent to the underlying alveolar bone and in 
healthy individuals, is coral pink and often shows a fine, 
surface stippling, thus resembling an orange peel. 


The alveolar mucosa is loosely bound to the underlying 
bone and is relatively mobile. 


A wide range of pathological conditions can affect the 
gingival appearance. These can be classified as mentioned 
below. 


@ Inflammatory conditions- Gingivitis and 
Periodontitis. 
@ Ulceration- Traumatic ulcers, aphthous ulcers, 


herpetic ulcers, carcinomatous ulcers. 


@ Gingival Enlargement- Drug induced, hormonal, 
allergic conditions, leukemia 


@ Neoplastic lesions 


<> Benign neoplastic lesions- squamous papilloma, 
hemangioma, lipoma, schwannoma, peripheral 


odontogenic fibroma. 
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<> Malignant neoplastic lesions- Oral squamous 
cell carcinoma, Non-Hodgkin's lymphomas, oral 
melanoma, leukemia’setc. 


@ Non-neoplastic —lesions- — Localized _—reactive 
hyperplastic lesions- epulis, pyogenic granuloma, and 
peripheral giant cell granuloma. 


@ Premalignant lesions- Erythroplakia, Leukoplakia 


@ Autoimmune diseases- Oral lichen planus, oral 
lichenoid lesions, mucous membrane pemphigoid, 
and pemphigus vulgaris. (Desquamative gingivitis) 


@ Systemic diseases manifesting as gingival lesions- 
Diabetes mellitus, Wegener's granulomatosis, 
tuberculosis etc. 


Section - V 


This chapter provides an in depth discussion on 
desquamative gingivitis and its etiological factors. 


DESQUAMATION: Exfoliation; the process of 
shedding surface epithelium.(Glossary of Periodontal terms, 
2001) 


DESQUAMATIVE GINGIVITIS: A _ non-specific 
term denoting chronic, diffuse inflammation of the 
gingiva with sloughing of the surface epithelium. Can 
be found in several mucosal diseases. (Glossary of 
Periodontal terms, 2001) 

GINGIVOSIS: Archaic term for desquamative gingivitis. 
(Glossary of Periodontal terms, 2001) 

Desquamative gingivitis manifests as fiery red, glazed, 
atrophic or eroded appearance of gingiva. Loss of stippling 
is appreciated and the gingiva desquamates easily upon 
minimal trauma. 


Desquamative gingivitis 


Fiery red, 
glazed 
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eroded 
gingival 
appearance. 


Gingiva 
desquamates 
easily upon 
minimal 
trauma 





Common in 
Females 


Loss of 
stippling. 


Fig. 20.2: Clinical features of desquamative gingivitis 


In contrast to plaque induced gingivitis, desquamative 
gingivitis commonly occurs in middle aged to elderly 
females, is painful, primarily affects the buccal / labial gingiva, 
frequently spares the marginal gingival, although may involve 
the entire thickness of the attached gingiva. 


Traditional oral hygiene measures or conventional 
periodontal therapy alone does not result in alteration of the 
clinical appearance. Tomes and Tomes in 1894 were the 
first to describe chronic desquamative gingivitis. However, 
it was not until the 1930's that Prinz and Merrit first 
proposed the term of chronic diffuse desquamative gingivitis 
and first attempted to define the disease process. 


Etiology 


Desquamative gingivitis represents a clinical picture and is 
not a diagnosis in itself. In 1964, Glickman and Smulow 
Suggested that desquamative gingivitis may be a common 
clinical feature seen in a wide number of disorders. 
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Desquamative gingivitis can be classified on the basis 
on its etiology, along with histopathological and 
immunofluorescence findings 


A. Mucocutaneous diseases 

@¢ Mucous membrane pemphigoid (MMP) 
Oral lichen planus (OLP) 
Pemphigus vulgaris (PV) 
Psoriasis 
Bullous pemphigoid 
Epidermolysis bullosa acquisita 
Lupus erythematosus 
Contact stomatitis 
Chronic ulcerative stomatitis 
Dermatitis herpetiformis 


Linear IgA disease 


¢-e etemhUCU OHOmhUCU OrhlUC Hh Hh OH oH FH SO 


Kindler’s syndrome 


Periodontics & Oral Implantology 


Chapter 20 


B. Endocrine disturbances- 


@ Oophorectomy and menopause resulting in 
estrogen deficiency 


@ Testosterone imbalance 
@ Hypothyroidism 
C. Local hypersensitivity reactions to various allergens- 
Plasma cell gingivitis 
Mouth washes 
Dental materials 
Drugs 
Cosmetics 


Sodium lauryl sulphate in Toothpastes 


¢-etehUh HO OHmhUh Hh OH hh MH 


Chewing gums 
D. Abnormal response to bacterial plaque 
E. Aging 
F. Chronic granulomatous infections- 
@ Tuberculosis 
@ Sarcoidosis 
@ Histoplasmosis 
@ Crohn’s disease 
@ Wegener's granulomatosis 
Overall, OLR MMPand PV constitutes the major causes 


of desquamative gingivitis, with the first two entities 
contributing for more than 80% of the cases. 


Desquamative gingivitis lesions are best managed by oral 
hygiene maintenance, treatment of the underlying disease 
and the use of local or systemic immunosuppressive 
agents. 


Lichen Planus 


An inflammatory mucocutaneous disorder characterized 
by discrete skin papules with akeratinized covering which 
often appears in the form of adherent scales. Oral lesions 
with characteristic radiating white striae are common and 
sometimes the only manifestation. Three types of oral 
lichen planus have been reported: |) atrophic or annular 
(most common); 2) hypertrophic or nodular; and 3) 
ulcerative or erosive. (Glosary of Periodontal terms, 2001) 


Lichen planus (LP) is) a_ chronic _ inflammatory 
mucocutaneous disorder with frequent involvement of the 
oral mucosa. 
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Usually, oral lichen planus (OLP) patients have no associated 
signs of cutaneous lichen planus or lichen planus at other 
mucosal sites. 


‘Isolated’ OLP is the term designated for such cases. British 
physician Erasmus Wilson in 1869 coined the term “Lichen 
Planus’’. Lichens are primitive organisms of symbiotic algae 
and fungus, and planus in Latin refers to “Flat”. 


Etiopathogenesis 


The exact etiology of oral LPis not fully elucidated, 
although recent research suggestsa key role of 
immunological mechanisms that may be implicated. LP is 
an auto-immune disease, mediated by T CD8+ cells, 
macrophages, and Langerhans cells. Immune mechanisms 
trigger apoptosis resulting in cell destruction and the 
appearance of characteristic histological changes. 


Systemic associations: 


@ Hepatitis C Virus (HCV) Infection- Prevalence of 
chronic Hepatitis C in patients with OLP varies 
between 0.5-35percent as reported by multiple 
authors for distinguished geographical areas. 
Mokni et al.in 1991 first suggested the association 
between OLP and chronic liver disease. Carrozzo 
et al. have demonstrated a strong association 
between Hepatitis C virus (HCV) infection and 
OLP. HCV viral sequences have been found in 
the serum of patients with OLP; and HCV was 
shown to occasionally replicate in OLP tissue, 
likely to contribute to the pathogenesis of mucosal 
damage. The type of LP frequently associated with 
chronic hepatitis C is the erosive-ulcerative type 
that presents with acute symptoms; significant 
functional disorders and affects the patient's quality 
of life. 


@ Helicobacter pylori infection- Relationship between 
Helicobacter pyloriand OLP has been suggested by 
various studies.A statistically significant difference 
in Helicobacter pylori infection between patients 
with LP and control groups has been observed 
according to studies by Moravvej et al.and Vainio 
et al. 


@ Psychological stress and anxiety-Higher levels 
of anxiety, depression, and increased psychic 
disorders have been observed in OLP patients as 
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compared with a control group.Stress accounts as 
the major attribute to the acute exacerbations in 
OLP patients. The relationship of OLP and stress 
is well documented by high levels of anxiety 
and salivary cortisol in OLP patients. 


@ Oral lichenoid reactions (OLR) -Lichenoid 
reaction refers to lesions that clinically and 
histopathologically resemble OLP, but have an 
identifiable etiology. Lichenoid lesions are 
characteristically unilateral and erosive.There is 
diffuse lymphocytic infiltration with eosinophils 
and plasma cells, and with increased colloid bodies 
than in classic LP. 


@ Dental restorative materials: Amalgams, com- 
posite resins, cobalt, and gold, are the chief 
contributors to OLR. Flavoring agents and plastics 
also play a role in the pathogenesis and management 
of patients with OLR. 


@¢ Drug-induced OLR- Most common drugs 
associated with OLR are N on-steroidal anti- 
inflammatory agents (NSAIDS) and Angiotensin- 
converting enzyme inhibitors(Captopril, 
Enalapril). In 1994, Thompson and Skaehill 
showed strong evidence that drugs like beta- 
blockers, methyldopa, penicillamine and NSAIDS 
are linked with lichenoid eruptions. Withdrawing 
the offending drugs results in the resolution of the 
lichenoid reaction, and this aids the diagnosis of 


OLR. 
¢ Genetic predisposition- Documentation of several 
familial cases have suggested genetic 


predisposition in the pathogenesis of OLP. Lowe 
et al first observed significantly high frequency of 
HLA-A3 in a group of British patients with 
cutaneous LP. 

Predisposing factors: 


@ Mechanical Trauma:Dental procedures, sharp 
cusps,uncontoured dental restorations, Ill-fitting 
prosthesis and deleterious oral habits are possible 
predisposing factors. Koebner’s phenomenon 
refers to development of lesions at sites subjected 
to trauma. This suggests a possible explanation to 
erosive lesions being more common in areas 
subjected to trauma.(Buccal mucosa and lateral 
border of tongue). 
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@ Plaque and calculus: Patients with atrophic and 
erosive lichen planus, especially with desquamative 
gingivitis face difficulty in tooth brushing because 
of gingival pain and bleeding. Gingival lesions of LP 
may be worsened by dental plaque and calculus. A 
Higher incidence of erythematous and erosive 
gingival lesions may be seen in patients with poor 
oral hygiene. 


Clinical Manifestations 


Oral lichen planus (LP) is a mucocutaneous disorder of 
unknown etiology. In majority of cases, LP may affect only 
the oral cavity. The condition may also affect other mucosal 
sites such as skin, genitals, scalp and nails. 


The prevalence rate is 0.1-4% of the general population, 
most often in peri-menopausal women. The condition can 
affect individuals at any age although most patients are 
between the age range of 30-60 years. 


Skin lesions- Skin lesions of LP are usually self-limiting, 

cause itching,and are described using the six P’s- Planar [flat 

topped], purple, polygonal, pruritic, papules and plaques. 
The disease has an acute onset, and the commonly affected 

sites are flexor surfaces of the wrists, forearms, and legs. 
Lacy, reticular, white lines known as Wickham striae often 

cover the skin lesions. (Figure 20.3) 





Fig. 20.3: Skin lesions of Lichen Planus seen on dorsal 
aspect of leg 


Oral manifestations Oral lesions have a chronic course 
with infrequent spontaneous remission, and are potentially 
premalignant. Also oral lesions are difficult to treat, hence, 
a source of morbidity. 
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According to Andreason JO, Oral LP lesions can be 
classified in six different forms: reticular (Figure 20.4), 
papular, plaque-like (Fig 20.5(a)), atrophic (Fig 20.5(b)), 
ulcerative (Fig 20.5(c)), and bullous (Fig 20.5(d). 





Fig. 20.4: Showing reticular Lichen Planus (A) Wickham’s 
striae on the lower labial mucosa and (B) Buccal mucosa Fig. 20.5 oe Ulcerated Lichen Planus on lower a 
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> Recent classifications group OLP lesions into- reticular 
(reticular, papular, plaque-like), erythematous 


Fig. 20.5 (a): Plaque like Lichen Planus on dorsum of tongue 


(atrophic), and erosive (ulcerative, bullous) forms. Some 
authors have limited the forms to reticular (reticular, 
plaque-like) and erosive (atrophic, bullous, and ulcerative). 


The reticular form is most common and manifests 
bilaterally. Asymptomatic Wickham striae on the oral 
mucosa or other parts of the mouth, such as the 
tongue, palate, gingiva, and lips are seen. The atrophic 
form causes atrophic changes with erythema of the oral 
mucosa. Vesicles filled with fluid are characteristically seen 
in bullous LP. 


Ulcerated, painful, erythematous areas are often associated 
with erosive LP (Figure 20.5(e).These erosive lesions are 
frequently accompanied with secondary infections, such as 
candidiasis. These ulcerated areas may have Wickham 
striae and occur in one or multiple sites of the mouth. 
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Fig. 20.5 (b): Atrophic lichen Planus 
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Fig. 20.5 (e) Erosive Lichen Planus. Note the whitish striae 
surrounding the eroded areas 


Buccal mucosa is the most commonly affected site, followed 
by tongue (mainly the dorsum), gingiva, labial mucosa, and 
vermilion of the lower lip. About 10% of patients with 
OLP presents with sole _ gingival involvement. 
Erythematous lesions that affect the gingiva cause 
desquamative gingivitis, the most common type of 
gingival LP which can also present as small, raised, 
white, lacy papules or plaques and may resemble keratotic 
diseases like frictional keratosis or leukoplakia. 


LP isolated to a single oral site other than the gingiva is also 
uncommon, but occasionally isolated lesions on the lips 
or tongue also occur. 


Genital mucosa- Genital mucosa is the most frequent extra- 
oral site of involvement in female patients with OLP, with 
lesions developing in 20% of women with OLP. Vulvo- 
vaginal-gingival syndrome refers to the association of LP 
with the vulva, vagina, and gingiva. Erosive LP is 
predominantly seen  in_- genital areas, although 
asymptomatic reticular lesions can also be observed in 
few patients. 


The peno-gingival syndrome represents the male 
counterpart of the vulvovaginal-gingival syndrome of LP. 


Skin appendages- Scaly, violaceous, pruritic papular lesions 
affecting the scalp is known as Lichen planopilaris. 
Untreated cases may result in scarring alopecia. 


Nails- Irregular, longitudinal grooving, ridging and 
thinning of the nail plate is seen. This causes shedding of 
the nail plate with atrophy of the nail bed. Pterygium (i.e., 
cuticular overgrowth) is a characteristic finding. 


(ey 


Section - V 


Esophageal LP may manifest as dysphagia, chronic pain, and 
strictures. Rarely, LP may be seen at uncommon sites- 
ocular, bladder, nasal, laryngeal, otic, gastric, and anal mucosa. 


Diagnosis 


Thorough history taking, clinical appearance, histologic 
examination, and direct immunofluorescent investigations 
forms the mainstay of diagnosis. 


White striations and/or papules is the most characteristic 
clinical feature of OLP The presence of bilateral, 
often symmetrical reticular lesions were _ also 
considered as essential clinical criterion. 


Essential histopathological criteria for OLP diagnosis are 
(Figure 5): 


@ Presence of a well-defined band-like inflammatory 
infiltrate, confined to the connective tissue surface 
area and predominated by lymphocytes 


@ Signs of liquefaction degeneration of the basal 
epithelial layer 


@ Absence of epithelial dysplasia. 





Fig. 20.6: Histopathology of Lichen Planus showing 
liquefaction degeneration of the epithelial basal layer. 


Eisenberg et al suggested the non-essential features 
for diagnosis, including Civatte bodies, saw-toothed 
rete ridges, parakeratosis and separation of the 
epithelium from lamina propria. 


The —histopathological assessment of OLP may 
sometimes be subjective and, in 50% of the 
cases, there is poor correlation of clinicopathological 
presentation. Direct immunofluorescence plays a role in 
such cases. 
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Immunofluorescence shows a linear pattern of fibrin and 
shaggy fibrinogen deposits at the epithelial basement 
membrane or cytoid bodies (Russell bodies), or both, 
in the absence of deposition of fibrinogen (Figure 20.7). 





Fig. 20.7 Direct Immunofluorescence showing 
shaggy bands of fibrinogen. 


Treatment 


The benign/asymptomatic form of the disease (reticular 
lichen planus) does not require any treatment. Periodic 
observation and evaluation are usually sufficient in such 
cases. Highpotency topical corticosteroids form the 
mainstay of treatment in patients presenting with severe 
pain and burning sensation. Oral hygiene maintenance and 
corrective dentistry have a critical role in the management 
of OLP and consultation with a dentist, or oral medicine 
specialist proves helpful. 


Topical corticosteroids: 


Medium potency topical corticosteroids like triamcinolone, 
fluorinated steroids such as fluocinolone acetonide and 
fluocinonide, and high potency halogenated steroids such 
asclobetasol, are the drugs of choice in most patients. 


Patients with diffuse oral involvement or those showing 
poor compliance to topical steroid use may be benefited with 
elixir forms (dexamethasone, triamcinolone, and clobetasol). 
Lack of mucosal adherence for a sufficient period of time is 
the major hindrance in using topical steroids. 


This difficulty of mucosal adherence is overcome when topical 
steroids are used with adhesive pastes (orabase). 


Patients on prolonged topical steroid use should be regularly 
monitored for the following adverse effects: 
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a) Superimposed secondary candidal infection 
b) Tachyphylaxis(diminished biological effectiveness) 
c) Adrenal suppression 
d) Atrophy of the oral mucosa 
Systemic steroids: 


Patients with diffuse erosive OLP or multiple mucosal 
involvements should be treated with systemic 
corticosteroids. Methyl prednisolone and _ prednisone 
have been employed for recalcitrant severe erosive 
OLP. Systemic corticosteroids are reserved for patients 
who are not responsive to topical steroids and patients 
with mucocutaneous’ diseases. However, adverse 
effects are possible even with short term usage. 


Intra-lesional steroids: 


Intractable erosive OLP lesions are treated with intra- 
lesional steroids. Triamcinolone acetonide(l0-20 mg/ml) 
is used and repeated every 2-4 weeks. Frequent steroid 
injections are painful and may result in an unwanted 
systemic dose. 


Cyclosporine: 


Cyclosporine (100 mg/ml) may be used as a mouthrinse in 
oral LP. Bitter taste, transient burning sensation on initial 
application, and high cost are the possible disadvantages. 


Tacrolimus: 


Tacrolimusis a potent immunosuppressive agent used in 
the treatment of LP. It inhibits T-cell activation at 10-100 
times lower concentration than cyclosporine and also 
shows better skin penetration. This drug used 
topically can control symptoms and significantly improve 
refractory erosive oral LP However, local irritation may 
be noticed in some patients. 


Retinoids: 


Topical retinoids such as tretinoin or isotretinoin have 
been used to treat OLP_ particularly atrophic- 
erosive forms. Retinoids often cause adverse effects and 
are less effective than topical corticosteroids. The biggest 
drawback with retinoids is relapse rate of lesions on 
discontinuation of the drug. 
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Ultraviolet irradiation: 


Photochemotherapy with 8-methoxypsoralen and_long- 
wave ultraviolet light (PUVA) shows successful outcome in 
patients with cutaneous lichen planus. It was first used in 
the treatment of recalcitrant OLP. Adverse effects of 
PUVA with 8-methoxypsoralen includes nausea, dizziness, 
eye symptoms, paresthesia, and headache. Refractory 
erosive OLP cases may be treated with photo- 
chemotherapy. The greatest disadvantage with PUVA 
therapy is its malignant potential. 

Surgery: 

Isolated plaques or non-healing erosions are best managed 
surgically. Free soft-tissue grafts have also been used for 
localized areas of erosive OLP. However, periodontal 
surgery may be a predisposing factor in OLP pathogenesis. 


Cryosurgery: 

Cryosurgery has been used particularly in erosive drug- 
resistant OLP, but lesions may occur in the healing sites 
and recur in scars. 


Laser therapy: 


In 2004, Barclay used 308-nm excimer laser radiation in 
OLP patients. In2005, Soliman et al. used diode laser (980 
nm) in the management of OLP as an easy, fast and safe 
technique. In 2008, Van der Hem et al found good results 
in the treatment of OLP lesions with CO, laser 
evaporation. CO, laser evaporation can thus be a first- 
choice treatment in patients unresponsive to steroid 
therapy. 


Miscellaneous therapies: 


Several other used systemic immunosuppressive agents 
include- acitretin, | azathioprine, basiliximab, dapsone, 
eiconol, enoxaparin, glycyrrhizin, hydroxychloroquine, 
interferon alpha, levamisole, mycophenolate mofetil and 
thalidomide. 


Malignant potential: 


The most important complication of LP is the development 
of oral squamous cell carcinoma. Accumulation of inducible 
nitric oxide synthase (iNOS) with 8-nitroguanine and 8- 
oxo-/, 8-dihydro-2-deoxyguanosine (8-oxodG) in oral 
epithelium in OLP may result in nitrative and oxidative 
damage to DNA that could be the basis of malignancy. The 
risk of malignant transformation varies between 0.4 and 5% 
over periods of observation from 0.5 to 20 years, and 
seems to be independent of the clinical type of OLP or the 
treatment used. 
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Pemphigus: 


Pemphigus refers to a group of autoimmune bullous 
diseases (pemphigus vulgaris, pemphigus vegetans, and 
pemphigus erythematosus) that affects skin and mucous 
membranes primarily between the fourth and_ sixth 
decades of life; characterized by acantholysis and 
intraepithelial blistering; untreated, the mortality rate for 
these diseases ranges from /0%to 100%.(Glossary of 
Periodontal terms, 2001) 


Pemphigus refers to a group of potentially life-threatening 
autoimmune mucocutaneous disorder characterized by 
epithelial blistering affecting cutaneous and/or mucosal 
surfaces, the term being derived from _ the 
Greek Pemphix(bubble or blister). 


Of the four main types of pemphigus, PV is the most 
common. Less common. entities are Pemphigus 
foliaceus, pemphigus vegetans, and pemphigus 
erythematosus. Pemphigus vulgaris (PV) is the most 
common type of pemphigus in North America and 
Europe. 


Pemphigus foliaceus is another type of pemphigus and is 
further subdivided into idiopathic pemphigus foliaceus, drug- 
induced pemphigus foliaceus, pemphigus erythematosus 
(Senear Usher syndrome) and endemic pemphigus foliaceus 
or fogo selvage (endemic to Brazil and Columbia). 


Pemphigus vegetans is a variant of pemphigus vulgaris that 
is characterized by excessive granulation tissue and 
crusting. A new type of pemphigus, paraneoplastic 
pemphigus, occurs in association with malignancies. 


Pemphigus basically has two main forms because pemphigus 
vegetans may be a variant of pemphigus vulgaris and 
pemphigus erythematosus may be a localized variant of 
pemphigus foliaceus. 


A common histologic feature of the pemphigus group of 
diseases is acantholysis leading to intra-epithelial bullae 
formation. In PV initially the lower stratum spinosum is 
involved and in pemphigus foliaceus the acantholysis occurs 
more superficially in the stratum spinosum. 


PV is a chronic, intra-epithelial vesiculobullous disease with 
a potentially fatal outcome and originally named by 
Wickman in |791. The main importance of PV is that it has 
a chronic course, and causes blisters, erosions, and ulcers 
on the oral mucosa and skin. Death occurs most frequently 
in elderly patients and in patients requiring high doses of 
corticosteroids who develop infections and bacterial 
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septicemia, mostly from S. aureus (fluid and electrolyte 
loss). 


Etiopathogenesis 


The etiology of PV is unknown. Genetic predisposition 
may be considered as it occurs more frequently in certain 
racial groups, for example, the Ashkenazi Jews and people 
of Mediterranean origin. Strong associations with certain 


HLA Class Il alleles (DRBI *0402 and DQBI*0503) 
havebeen documented. 


Precipitating factors: 


|. Diet- The role of diet in the etiology of pemphigus 
is reviewed else where, but garlic, in particular, may 
cause occasional cases of pemphigus. 
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2. Drugs- Variety of drugs can induce pemphigus 
lesions. 


3. Viruses- Role of viruses has been suggested as some 
pemphigus variants (fogoselvagem) have transmissible 
nature. Herpesvirus infections has been 
associated with the onset of PV _ lesions,epitope 
spreading or molecular mimicry’ being the 
underlying suggestive pathogenesis. Human herpes 
virus 8 (HHV-8) DNA has been detected in lesions 
of patients with PV. 


4. Miscellaneous factors- revealed lower numbers of 
smokers among patients with PV, higher exposure 
rates to pesticides, and a higher number of female 
patients who had been pregnant. These findings 
suggest that estrogens may have an important role 
play in the disease process. 


Table 20.1: Drugs that can induce pemphigus lesions 


Angiotensin-converting enzyme 





(ACE) inhibitors 


rel aU hee 


Captopril Cephalosporin Aspirin Levodopa 
Cilazapril Penicillamine NSAIDs Nifedipine 
Enalapril Penicillin (benzyl) Propanolol 
Fusinopril Rifampicin 
Ramipril 


PV is representative of an autoimmune attack against 
desmosomes and hemidesmosomes that are responsible 
for epithelial cell adhesion. Desmogleins are the proteins 
that are reactive to autoimmune antibodies in PV, and the 
presence of circulating antibodies involving desmogleins 
can be detected using enzyme-linked immunosorbent assay 
(ELISA) techniques. Three types of desmoglein are found in 
stratified squamous epithelium (type I, 2 and 3). In skin 
and mucosa, desmoglein type | is expressed in suprabasal 
cell layers, desmoglein type 2 is seen in the basal cell layer, 
and desmoglein type 3 appears in the basal and immediate 
suprabasal layer. In oral mucosa, desmoglein type | is 
expressed minimally. Hence, when only desmoplakin type 
3 antigens are seen, lesions occur exclusively in the oral 
cavity. Elevated antibody levels to both desmoglein type | 
and 3 results in skin lesions. Recent studies revealed 
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that epitope switching from oral PV with desmoglein type 
3 antibodies to mucocutaneous disease occurs, hence, the 
presence of antibodies to both desmoglein types | and 3. 


Clinical Manifestations 


PV affects the mucosa and the skin and results in 
superficial blisters and chronic ulceration. Multiple 
mucosal sites are affected namely, oral mucosa, ocular 
mucosa, nasal mucosa, pharyngeal mucosa, laryngeal 
mucosa, upper respiratory tract mucosa and anogenital 
mucosa. 


The typical clinical feature of PV consists of flaccid,thin- 
walled vesicles and bullae arising on otherwise normal 
skin or mucosa, but occasionally on erythematous 
skin(Figure 7). Such vesicles and bullae easily collapse on 
the skin, so that the most commonly encountered skin 


lesions are erosions. a 
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Fig. 20.8 Cutaneous lesions of pemphigus vulgaris. 


The formation of a lesion after gentle mechanical pressure 
(blowing air /applying pressure with mirror handle) on 
affected tissue is a diagnostic tool in patients presenting 
with oral ulcerations. This test known as Nikolsky’s sign 
was named after Pyotr Vasilyewich Nikolsky, who first 
described this sign in 1896. 


Asboe-Hansen sign was. described in 1960 _ by 
Gustav Asboe-Hansen, a Danish dermatologist. 
Asboe-Hansen sign is also known as blister-spread sign, 
which refers to the ability to enlarge a blister in the 
direction of the periphery by applying mechanical 
pressure on the roof of the intact blister. 


ORAL MANIFESTATIONS 


The oral cavity is affected early in the disease process and, 
on occasion may be the only site of involvement. 80-90% 
of patients with PV develop oral lesions sometime during 
the course of disease, and, in 60% of cases, the oral 
lesions are the first sign. 


Initially vesiculobullous, the oral lesions readily rupture, 
and new bullae develop as the older ones rupture and 
ulcerate. Thus erosions and ulcers are the main features 
and are seen primarily on the buccal mucosa, palate, and 
lips (Figure 8). 
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Fig. 20.9 Multiple areas of erosions on the lips and palate in a 
patient with pemphigus vulgaris. 


Pemphigus should be considered whenever there are 
multiple persistent oral erosions. Initial gingival lesions 
appear as isolated blisters or areas of tissue sloughing, but 
later, as the condition progresses, severe desquamation may 





occur. Nikolsky’s sign is prominent, and _ lesions 
sometimes may remain localized to the gingiva.(Fig.20-10). 
ee er 


€ tr 
ORS. 


a 


7~ 


~~a a ven 


* 
ie 


Fig. 20-10 Pemphigus Vulgaris manifesting as 
desquamative gingivitis. 


Diagnosis 


Clinical diagnosis- In patients with PV and active blistering, 
Nikolsky’s sign can be used for diagnosis, but this is neither 
completely sensitive nor specific(Figure 10). 
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Fig. 20.1 1 Positive Nikolsky’s sign in pemphigus Vulgaris. 
Note the formation of bleb after pressing the area with 
mirror handle. 


Histopathological features- 


The classic feature seen in pemphigus is acantholysis, which 
is loss of cell-to-cell contact in the epithelial cell layers. In 
PV, intercellular edema results in dissolution of intercellular 
bridges occur and widening of intercellular spaces. This 
results in| separation between cells and formation of 
blister above basal cell layer (supra basilar split)(Fig.20- 12) 
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Fig. 20.12 Histopathology of PemphigusVulgaris showing 
supra basilar split and acantholytic cells. 


Tzank preparation The base of blister is scrapped 
and examined for acantholytic cells. The free floating 
ovoid or rounded acantholytic cells have an enlarged, 
hyperchromatic centrally or eccentrically placed nucleus. 
Basal cells have tight attachment to basal lamina but 
gets detached from one another, producing a tombstone 
appearance. Relatively fewer inflammatory cells are seen in 
PV compared with other bullous diseases 
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Compressed air test- Application of a stream of compressed 
air to the oral mucous membrane of gingival tissues may 
cause a shimmering of the outer tissues followed by 
formation of bleb or a blister. 


DirectIlmmunofluorescence- Antibodies that complement 
various immunoglobulins, most commonly lg G are 
revealed. This reaction is found _ intracellularly — in 
epithelium,and creates a distinctive direct 
immunofluorescence appearance, referred to as chicken 
wire effect (Fig. 20-132). 





Fig. 20-13 Immunofluorescence of PemphigusVulgaris 
showing chicken wire effect. 


Indirect Immunofluorescence- can help determine 
the severity of antigen-antibody reaction and monitor 
treatment progress. 


Upper gastrointestinal endoscopy- may be _ useful 
in identifying esophageal involvement. 

ELISA- Can detect Dsgl & Dsg3 in serum samples. 
Immunoprecipitation- At present, 


immunoprecipitation is regarded as the technique of 
choice for identifying the patient's auto-antibody target 
antigens. In this context, desmoglein 3 is targeted in 
PV, while desmoglein | is targeted in pemphigus 
foliaceous (in skin). 


Treatment 


Periodontal therapy is an essential part of overall treatment 
of pemphigus. Oral hygiene maintenance is mandatory 
because the gingival involvement may present an exaggerated 
response to bacterial plaque. Oral lesions are difficult to 
treat owing to trauma to the surface epithelium whenever 
the patient eats. 
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The objective of treatment is to deal with the activity 
flare-ups as early as possible. Corticosteroids form the 
mainstay of treatment in pemphigus cases. In patients with 
PV, there is pronounced imbalance of helper T-T 
suppressor ratio, which is restored by corticosteroid 
therapy. In patients with non-progressing oral lesions, 


topical corticosteroids such as 0.05%  fluocinolone 
acetonide or 0.05% clobetasol propionate are 
recommended. 


Patients on steroid therapy are monitored for weight gain 
and advised low salt, low fat, low-calorie diet. 
Increased consumption of potassium and protein rich 
meals is also advisable. PV patients are often prescribed 
dapsone (125-150 mg daily) or tetracycline (2 g/day) and 
nicotinamide (1.5 g/day). 


Combining corticosteroids (Prednisolone or prednisone) 
with immune-suppressive agents, such as methotrexate, 
cyclosporine, cyclophosphamide and azathioprine makes it 
possible to use much smaller doses of the corticosteroids 
and thereby minimizing steroid- related complications. 


Plasminogen activator may have a role in pemphigus. 
Drugs such as tranexamic acid, prevents conversion of 
plasminogen to plasmin are quite effective in treating 
pemphigus. Other options are chlorambucil 0.1-0.15 mg/ 
kg/day, cyclosporine 5-8 mg/kg/day, mycophenolate mofetil 
30-45 mg/kg/day, and methotrexate |0-17.5 mg/week. 


Refractory cases are treated by rituximab, plasma pheresis 
to reduce the presence of antibodies in serum,or pulse 
therapy comprising intravenous cyclophosphamide 
combined with dexamethasone at high doses. Intravenous 
Immunoglobulins: Proved successful & safe in steroid- 
resistant PV. 


Emerging therapies- Cholinergic agonists (modulates 
autoimmune response which require auto-reactive helper 
T cells that regulate IgG isotope switching), Rituximab 
(Anti-CD20 monoclonal antibody), Proteinase inhibitors, 
and Chimeric molecules. Chimeric molecules enables the 
recognition and elimination of autoimmune B cells which 
targets Dsg3 specific T cells. 


Mucous Membrane Pemphigoid 


Mucous membrane pemphigoid (MMP) is defined as a 
‘group of, chronic inflammatory, subepithelial, autoimmune 
blistering diseases that primarily affect mucous membranes, 
with or without clinically apparent scarring’. 
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Wichmanns first described a case of mucous membrane 
pemphigoid in the late I8th century. However, the 
nomenclature and salient features of mucous membrane 
pemphigoid were described by Thost. 


Etiopathogenesis 


MMP is an autoimmune disorder with an unknown etiology. 
Severe mucosal inflammatory injuries, drugs (clonidine, 
indomethacin, D-penicillamine), viruses, ultraviolet light, and 
occasional occurrence with other autoimmune diseases 
are some of the predisposing factors. 


Racial or geographic predilections are unknown, but there 
is a possibility of an immunogenetic background that is 
associated with HLA DQB1*0301-. 


The most common clinical manifestation in MMP is 
desquamative gingivitis and is commonly seen in post- 
menopausal women. However, relationship between MMP 
and smoking or menopausal status has not been cited in 
the literature. 


MMP is caused by autoantibodies, usually of the IgG class. 
These autoantibodies are directed against proteins of 
the basement membrane complex. The immunoglobulins 
released help to activate and attract leukocytes. These white 
blood cells, importantly neutrophils, release proteolytic 
enzymes that bind fibrils in the basement membrane zone, 
resulting in blister formation. Recently, subsets of MMP 
have been diagnosed by means of immunofluorescent 
Staining of salt-split skin along with direct and indirect 
immune-electron microscopy. The results of these 
experiments and of earlier ultrastructural studies are 
Suggestive of other causes of MMP apart from 
autoantibodies and their action on the same antigen. 


Most cases are caused by lgG autoantibodies directed 
against antigens on the epidermal side of salt-split 
skin, whereas other cases that have demonstrated 
lsG autoantibodies bound on the dermal side. The 
autoantibodies from the latter group of patients 
precipitate the glycoprotein epiligrin and bind to the 
basement membrane of the lower portion of the lamina 
lucida at its interface with the lamina densa. 


Epidemiological Characteristics: 


MMP is reported with an incidence of |.5-9.5 cases per 
100,000 inhabitants every year. Dermatologic data suggests 
that MMP is approximately 7 times less common than 
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Bullous pemphigoid. Retrospective immunofluorescent 
studies suggest that MMP is approximately 3 times more 


common than pemphigus. There is a predilection for 
middle aged adults. Although a few cases have reported 


children and the elderly being affected, with a female: male 
ratio of 2:1. 


Clinical Manifestations: 


The condition frequently affects the mucous membranes 


of oral cavity, eye, pharynx, larynx, nose, esophagus, trachea, 


anal canal as well as the mucosa of the genitalia. Involvement 
of oral cavity has been reported in more than 90% cases 
and ocular lesions in 60-70% of cases.Only about 25% of 
patients may report cutaneous lesions. 


The most frequently involved site in MMP is the oral 
cavity. Desquamative gingivitis, vesiculobullous lesions, 
and ulcerations are the common clinical findings. 


The commonest intraoral site affected is the gingiva, 
and the lesions tend to heal with insignificant scarring. 
Desquamative gingivitis is the cardinal oral manifestation 
of MMP and may be the sole presenting feature in some 
cases (Figure 20-14). 





Fig. 20-14 Desquamative gingivitis on the palatal aspect 
of marginal and attached gingiva in Mucous membrane 
pemphigoid. 


In such patients, diagnosis is often delayed as the patient is 
put through repeated sessions of periodontal therapy and/ 
or prescribed various antimicrobials. The patient usually 
gives a long history of gingival soreness. Long standing 
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superficial erosions may be present on the gingiva or on 
other sites and aids in making the diagnosis. There may be 
areas of superficial erosions and tags of detached epithelium 
on the gingiva. 


Occasionayj gingival inflammation may occur in the absence 
of bacterial plaque, in the form of chronic desquamative 
gingivitis.Clinically, patients often present with the 
complaint of bleeding, pain, and peeling of the mucosa 
along with dysphagia. Desquamation is likely to result from 
frequent exposure of the oral mucosa to inflammation as 
well as trauma from mastication; it may present clinically 
as white areas of necrotic slough at the margins of the 
erythematous zones and may be elicited by palpation with 
a finger, mirror, or periodontal probe. 


Laskaris et al. reported gingival involvement in 63.6% of 
their patients with mucous membrane pemphigoid in their 
study group. Silverman et al in a survey of 65 patients found 
gingival involvement in 100% of males and 92% of females. 
Gallanger and Shklar compiled the data of |20 patients and 
observed gingival involvement in almost all cases. 


Fluid-filled blisters develop or sometimes due to mild to 
moderate trauma blisters may be blood-filled. The clinician 
may be able to induce a blister or epithelial sloughing 
by applying tangential pressure to reddened areas or to 
apparently unaffected mucosa adjacent to lesions (Positive 
Nikolsky test). The blisters break leaving raw, painful ulcers 
that heal slowly over several days to weeks. The severity of 
the disease is extremely variable, ranging from occasional 
blisters to continuous severe blistering and ulceration. 
Scarring from gingival tissues is not seen, but may occur in 
other oral areas, with associated reduced function. 





Fig. 20-15 Hemorrhagic intact bullae with 
desquamative gingivitis in Mucous membrane 
pemphigoid. 
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Intact bullae are rarely seen intraorally (the traditional 
description of blood-filled bullae on the palate is seldom 
observed), (Figure 20-15) the more common 
presentation being superficial erosions with irregular 
margins and are fibrin coated. 


Ocular lesions are characterized by a chronic scarring 
conjunctivitis with progressive subconjunctival fibrosis; it 
is often associated with fornix foreshortening and synechia 
formation between bulbar and palpebral conjunctiva. The 
disease may initially involve one eye, with initial non-specific 
symptoms, and often remains localized for |-2 years. This 
may frequently be followed by conjunctival fibrosis, severe 
entropion, symblepharon, dry eye syndrome, trichiasis, 
corneal epithelial erosions or ulcerations, keratitis and 
even ultimately result in blindness. 


Laryngeal stenosis can lead to fatal asphyxia. Esophageal 
strictures lead to dysphagia and may rarely rupture to 
result in mediastinitis. Oropharyngeal MMP commonly 
presents with hoarseness or dysphagia. 


Diagnosis: 


The definitive diagnosis can only be established based on 
the histopathological and immunofluorescence findings. 
The preferred site of biopsy should be a vesicle or peri- 
lesional tissue and not the erosion itself. Gingival biopsy 
should be avoided, as gingival inflammation may result in 
improper diagnosis. 


Histopathology: 


MMP is characterized by junctional separation at the level 
of the basement membrane and results in a sub-epithelial 
split. Inflammatory infiltrate in the lamina propria contains 
eosinophils, neutrophils, and lymphocytes.(Figure 20-16). 
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Fig. 20-16 Histopathology of MMP showing subepithelial cleft 
and basal cell degeneration, along with hemorrhagic areas. 


Diect immunofluorescent testing (DIF)is sensitive as well 
as specific for the diagnosis of MMP and is considered to 
be the gold standard method for the diagnosis of MMP. 
The presence of immunoreactants, most commonly 
IgG, IgA or the third component of the complement 
(C3), deposited in a linear fashion along the epithelial 
/ sub-epithelial basement membrane zone of a mucous 
membrane is thought to be diagnostic for MMP. Indirect 
immunofluorescence using salt-split mucosa provides 
more sensitive assay.(Fig. 20-1! 7). 





Fig. 20-17 Direct Immunofluorescence showing linear 
deposition of IgG and C3 at dermo-epidermal junction 


Treatment: 


Treatment of MMP often includes topical corticosteroids 
alone or in combination with systemic corticosteroids. 
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Dapsone, an antimicrobial agent with immunosuppressive 
activity, has proved to be promising. Use of dapsone should 
be accompanied with periodic blood studies because of its 
potential to induce hemolytic anemia. 


Other systemic medications, including immunosuppressive 
agents such as azathioprine, methotrexate, 
cyclophosphamide, levamisole and mycophenolate mofetil 
may also be effective in the treatment of pemphigoid but 
the potential for side effects must be considered and 
managed accordingly. 


Successful treatment with a tetracycline derivative or a 
combination of tetracycline and niacinamide has also been 
reported. 


Maintaining dental hygiene and avoiding local irritants 
is important in the management of patients with MMP. 
Coordinated efforts between the dentist and physician 
are important in developing the most effective treatment 
regimen for patients requiring systemic therapy. 


Other treatment regimen’ includes plasmapheresis, 
intravenous immunoglobulins, and Low-level laser therapy 
(LLLT). LLLT has anti-inflammatory effects, causes pain 
relief and enhances regeneration of damaged tissues. LLLT 
results in biostimulation or biomodulation effects and causes 
cellular alteration by irradiation at a specific wavelength. 


Erythema Multiforme 


ERYTHEMA MULTIFORME: An acute dermatitis of 
unknown cause that may be precipitated by drug in 
take, herpes simplex infection, or other diseases. 
Characteristic erythematous “target” or “‘bull’s eye’ lesions 
occur on the skin; intraorally, diffuse hyperemic macules, 
papules, and vesicles may be seen. (Glossary of 
Periodontal terms, 2001) 


Erythema multiforme (EM) is an acute mucocutaneous 
hypersensitivity reaction with varied etiologies. 
The condition is characterized by a cutaneous eruption 
and oral or other mucous membrane lesions may or 
may not be seen. 


An immune-mediated (lymphocytic) reaction to an 
infectious agent or drugs results in skin and mucosal lesions 
at the dermal-epithelial junction. Patients with EM usually 
presents with a preceding herpes simplex virus (HSV) 
infection. Besides HSV infection, other viral (Adenoviruses, 
Enteroviruses), fungal (Coccidiodomycosis, Dermatophytes) 
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and bacterial infections (Mycoplasma pneumonia, 
Borreliosis)may also act as precipitating factors.Food 
additives (Benzoates, Nitrobenzene), chemicals (Perfumes), 
and drugs- Antibiotics (sulphonamides, cephalosporins, and 
penicillin), NSAIDS, and Anticonvulsant drugs (Phenytoin) 
have also been reported as triggering factors. 


Main forms of EM are EM minor, EM major, Stevens- 
Johnson syndrome or toxic epidermal necrolysis (TEN). 
EM minor is the mildest type of lesion and toxic epidermal 
necrolysis the most severe. 


EM has an acute onset and usually presents with mild or no 
prodromal symptoms. Irregular red macules, papules, and 
vesicles appear that collapse and gradually enlarge to form 
plaques on the skin. The most characteristic skin lesion is 
target or iris lesion (“bull’s eye’). There is a central bulla 
or a pale clearing area which is surrounded by concentric 
bands of edema and erythema. 


Oral manifestations include blister formation on the lips 
and oral mucosa which rupture leaving severe erosions 
or ulcerations, followed by grayish pseudomembrane, 
Desquamative gingivitis, and a hemorrhagic lip crusting. 
There is a positive Nikolsky’s sign(Figure | 7). 





Fig. 20-18 Lip crusting and area of pseudomembrane on 
buccal mucosa in Erythema Multiforme 


The clinical appearance of diffuse and widespread oral 
ulceration can be difficult to differentiate from other 
vesiculobullous disorders-pemphigus and MMP. EM should 
also be differentiated from viral stomatitis and TEN. 
Features more suggestive of EM are 


@ The acute onset (or recurrent nature) 
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@ Oral erosions typically located on the lips and 
anteriorly in the mouth. 


@ Pleomorphic skin and other lesions. 
Histopathology: 


EM is characterized by keratinocyte necrosis, intracellular 
edema of the epithelium in the prickle cell layer, 
acanthosis, and a perivascular inflammatory cell infiltrate 
with a thin basement membrane adhered to the 
epithelium. Direct immunofluorescence reveals 
perivascular IgM and C3 in association with granular 
deposits of IgG, C3 and fibrin in the basement membrane 
zone. Indirect immunofluorescence is nonspecific. These 
features suggest a cell-mediated immune response 
consistent with a hypersensitivity reaction. 
Treatment: 


The protocol includes management of the preceding 
infection, discontinuation of causal drugs, and systemic 
steroids. Primary herpetic gingivostomatitis may present 
with many similar features as of EM and the correct 
diagnosis is usually established prior to the use of 
steroids. Hence, early treatment is palliative till the 
definitive diagnosis is made. 


Lupus Erythematosus 


Lupus erythematosus (LE) is a connective tissue 
disease whichmay present in two forms, discoid lupus 
erythematosus (DLE) and systemic lupus erythematosus 
(SLE). Oral lesions may appear in both the forms and may 
mimic those of oral lichen planus. 





Fig. 20-19 Desquamative gingivitis in 
Lupus erythematosus patient. 
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In SLE, many systems of the body may be affected. The 
clinical presentation and course may vary and can range 
from a mild, chronic ailment to a severe life-threatening 
condition. Desquamative gingivitis, marginal gingivitis or 
erosive lichen planus may occur in around 40% of patients 
(Fig 20-19). 

Features of Sjogren’s syndrome, such as dry eyes, mouth 
and skin may be a manifestation in advanced cases. 


DLE is a much-localized form of the disorder. The condition 
usually presents as a skin disease, without generalized 
systemic involvement. DLE usually affects the face, and the 
common intraoral site is the lip. Malignant changes have 
also been reported in cases of DLE. 


Patients with LE should be thoroughly considered for drug 
history. There may be a drug history of systemic steroids 
or/and other anti-inflammatory medications such as aspirin 
or Non-steroidalanti-inflammatory drugs (NSAID’s). 
Hence, these patients are more prone to develop 
adrenal insufficiency and bleeding diathesis. Physician’s 
consultation is mandatory even for routine dental 
procedures in these patients. 


Linear IgA Disease 


Linear IgA disease (LAD) is an autoimmune, sub-epithelial 
blistering disorder. The condition is characterized by a linear 
deposition of IgA along the dermo-epidermal basement 
membrane zone. Originally, the condition was thought to be 
a variant of bullous pemphigoid or herpetiform dermatitis. 
LAD was considered as a distinct clinical entity during the 
1970's. 


In majority of cases, there is no known cause, and most 
cases are idiopathic. The most significant etiological 
factors are drug therapy, antibiotics, usually vancomycin 
and non-steroidal  anti-inflammatory drugs, _ viral 
infection, autoimmune disorders, trauma, and 
malignancy. Gluten-sensitive enteropathy occurs in 25% 
to 33% of cases and is milder than that observed in 90% of 
patients with dermatitis herpetiformis. 


The disease affects both the skin and the mucosa and up 
to 50% of patients presents with oral lesions. Hard 
and soft palate, tonsillar pillars, buccal mucosa, tongue, 
and gingiva are the affected sites. An unusual oral 
feature is desquamative gingivitis, either alone or in 
conjunction with vesicles, painful erosions, and ulceration. 
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Direct immunofluorescence reveals linear deposition of 
IgA immunoreactants at the skin or mucosal basement 
membrane zone (BMZ). Indirect immunofluorescence 
demonstrates immunoglobulins of the IgA anti- BMZ 
antibody class. 


Treatment: 


Oral lesions of Linear IgA disease may prove difficult 
to treat. Topical or systemic steroids alone do not 
result in remission of oral ulceration, bullae, and 
desquamative gingivitis, a feature that suggests the 
diagnosis. 

Dapsone, used primarily as an anti-leprotic and anti- 
malarial drug is the first-line systemic treatment and 
is used because of its bacteriostatic, anti-inflammatory 
and immunomodulating properties. Dapsone is often 
poorly tolerated and is associated with potentially fatal 
complications like agranulocytosis, the dapsone 
syndrome, Steven-Johnson syndrome and toxic epidermal 
necrolysis. 

If poor tolerance to dapsone occurs, the sulphonamides 
(sulfamethoxypyridazine or sulfapyridine) are an 
alternative treatment. Dapsone combined with cimetidine 
and vitamin E, or with corticosteroids enhances the drug’s 
efficiency. 

However, other approaches involving the use _ of 
tetracycline withcolchicines, nicotinamide, azathioprine, 
methotrexate, immunoglobulins, and cyclosporine have 
been reported to be useful in controlling LAD. 


Tuberculosis 


Tuberculosis (TB) is a chronic, _ infectious 
granulomatous disease. Mycobacterium tuberculosis, 
acid-fast bacilliis the primary etiologic agent and _ is 
transmitted mostly via the respiratory route. Less often, 
TB may also be caused by other two species of bacteria, 
M. bovis, and M. africanum. 


TB can occur either in pulmonary or extra-pulmonary 
sites, depending on the organ’ system affected. 
Pulmonary TB is the most frequently encountered form. 
The disease can also affect the lymph nodes, meninges, 
kidneys, bone, skin and the oral cavity. Extrapulmonary 
TB accounts for approximately 25% of TB lesions, and 
10%-35% of these occur in the head and neck region. 
However, primary extra-pulmonary' disease is an 
uncommon entity and primary oral lesions contribute 
less than 1% of all primary head and neck cases. 
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Oral tuberculous lesions may occur either primary or 
secondary to pulmonary tuberculosis with secondary 


lesions being more common. Primary _ oral 
tuberculous lesions usually occur in young 
individuals, primarily affects gingiva and _ frequently 


accompanied with regional lymphadenopathy. Secondary 
oral tuberculosis lesions primarily affect the tongue. 
Palate, lips, buccal mucosa, gingiva, and frenulum are 
also affected. 


Primary lesions are the result of direct inoculation of oral 
tissue, and secondary infection occur due to hematogenous 
or lymphatic spread or from direct extensions from 
neighboring structures. The relative infrequent 
occurrence of primary oral lesions is because of an intact 
oral mucosa, salivary action and enzymes, tissue 
antibodies and oral saprophytes. Abrasions, tears, 
chronic inflammation, poor oral hygiene, eruption of 
teeth, extraction sockets, periodontal disease, and 
deep carious teeth with pulpitis results in breach in 
these defense mechanisms and may lead to infection by 
bacilli. 


Oro-facial TB manifests in various — forms: 
Tuberculous ulcer, Desquamative gingivitis, Tuberculosis 
of lymph ~ node _ (tuberculous lymphadenitis), 


Tuberculoma, Tuberculosis of jaw bone (tuberculous 
osteomyelitis), Tuberculosis of — salivary — glands 
(tuberculous sialadenitis) and tuberculous involvement of 
the temporomandibular jaw. 


Gingival lesions in TBs may present as exuberant and 
granulating or as mucosal erosions. Sometimes these 
lesions may occur simultaneously with marginal 
periodontitis. Chronic infections affecting the gingiva 
may manifest as chronic desquamative gingivitis, and 
tuberculosis being the most common infection (Fig.20-20). 





Fig. 20-20: Tuberculosis presenting as desquamation of gingiva 
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Gingival tuberculosis usually presents as an_ ulcer 
or localized granular mass. However, there are 
documented cases of gingival tuberculosis appearing as 
diffuse gingival enlargement. 


Mantoux reaction (tuberculin test), biopsy for histological 
examination, special staining for acid-fast bacilli, and 
culture are the diagnostic aids for confirmation and 
differential diagnosis. Positive tuberculin skin test just 
indicates previous exposure to the M._ tuberculosis 
(Fig.20-21). 





4 . a * 

7 Se oe 
ry ; , 
ee 


Fig. 20-21 Induration on the forearm showing positive 


Mantoux test in tuberculosis. 


For presumptive diagnosis of tuberculosis, histopathological 
examination and identification of the bacilli in tissues 
using special stains is often sufficient (Figure 20-22). 
However, special stains are used in 2/—60% cases for 
demonstration of Mycobacterium (as they are relatively 
scarce within the tissues). 
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Fig. 20.22 Ziehl-Neelson staining showing Acid-fast bacilli. 
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Culture of microorganisms produces good results, but it 
has technical difficulties, lack sensitivity and takes long time 
for bacterial growth(4—6 weeks). In suspected tubercular 
lesions, a chest X-ray reveals (Fig.20-23) the possibility of 
pulmonary involvement, and if confirmed, thorough 
systemic examination should be done to detect tubercular 
lesions in other areas, such as urinary tract and bone. 





Fig. 20-23 Calcified radio-opaque in the lung parenchyma 


Von Arx and Husain described granulomas with sarcoid- 

like and numerous giant cells, some of the Langhans 

type (Figure 20-24). 
ASTOR E x : 





Fig. 20-24 Granulomatous lesion with epithelioid cells and 
lymphocytes 


FNAC serves as a well-established diagnostic tool for the 
assessment of cervical masses. In developing countries like 
India, where tubercular infection is common, and other 
granulomatous infections are rare, signs of granulomatous 
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features on FNAC are highly suggestive of tuberculosis. 
Advanced diagnostic aids like DNA probes, polymerase 
chain reaction assays, and liquid media enables more 
sensitive and rapid diagnosis. 


Treatment: 


Immunization with viable Mycobacterium bovis -Bacillus 
Calmate Guirren (BCG) is the most common 
preventive measure to control tuberculosis worldwide. 
BCG prevents severe disease and decreases death rate 
among children from miliary and meningeal TB_ in 
newborns. However, BCG does not protect against 
pulmonary tuberculosis in children or adults. 


Regular chemotherapy, given for long periods is effective. 
Most commonly used agents in triple therapy are rifampicin 
in combination with isoniazid and pyrazinamide. These 
drugs are usually for the initial 2 months of treatment. In 
cases of isoniazid resistance, Ethambutol can be added as 
a fourth drug. Rifampicin and isoniazid areusually given 
as continuation therapy for 4 months so that a total of 6 
months therapy is given. 


Plasma Cell Gingivitis: 


Plasma _ cell gingivitis (PCG) is basically a_ gingival 
hypersensitivity reaction with predominant plasma cells in 
the connective tissues. 


There is no known etiology of plasma cell gingivitis. 
However, it may be considered as lesions of unknown 
cause, lesions owing to some allergen, and lesions due to 
neoplastic origin. The immune reaction to some allergic 
antigen forms the basis of the condition. Mint in the 
toothpaste and chewing gum, cinnamonaldehyde, strong 
spices (pepper,cardamom) /chilies, chewing of khat, and 
some ingredients of the herbal toothpastes constitute the 
possibly reported allergens. 


Clinically, these cases occur almost exclusively in the oral 
cavity. Angular cheilitis, erythematous gingivitis, and glossitis 
are the major symptoms, although laryngeal manifestation 
has also been reported in one case. PCG is characterized 
by macular lesions that are bright red, velvety, sharply 
circumscribed, and flat to slightly elevated. Pruritus, burning 
sensation, or pain occur infrequently and the lesions are 
generally asymptomatic. Gingiva shows bleeding on the 
slightest manipulation with loss of stippling. However, there 
is no loss of attachment(Figure 20-25). 
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Fig. 20.25 Plasma cell gingivitis. Patient gave a history of 
change in toothpaste. 


Thorough serologic and hematologic testing is mandatory as 
plasma cell gingivitis mimics gingival changes in leukemia, lichen 
planus, and cicatricial pemphigoid. 


Histological features of this lesion include spongiform pustules in 
the epithelium and a dense infiltrate of normal polyclonal 
plasma cells in the underlying lamina propria (Figure 20-26). 





Fig. 20-26 Histopathology of plasma cell gingivitis 
showing predominant plasma cells in the connective tissue. 


Treatment: 


The condition is best managed by identification of the 
possible allergic agent. This entails a thorough and careful 
clinical history (patch testing is usually negative). Removal 
of the offending agent results in resolution of symptoms 
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Chronic Ulcerative Stomatitis 


This is a new disease entity, which clinically and histologically 
mimics erosive LP or oral DLE. Immunofluorescence 
coupled with histopathology are the diagnostic aids in this 
disease. 


The condition is managed with topical use of corticosteroids 
and hydroxychloroquine (200mg) treatment results in 
complete remission. 


Xeroderma Pigmentosum 


Xeroderma pigmentosum is a rare genetic, autosomal 
recessive disorder.The condition presents with increased 
Sensitivity to light, pigmentary changes and 
premature ageing of the skin (Figure 20-27). 





Fig. 20.27 Pigmentary changes on the face, chest, and 
extremities in a patient with xeroderma pigmentosum. 


Various cutaneous and malignancies of the internal organs 
develop at an early age.The lips and anterior portion of 
the tongue are the frequently affected intra-oral sites. 
Oral features include cheilitis, glossal telangiectasia, and 
leukoplakia. Hasan et al. reported a case of xeroderma 
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pigmentosum in association with chronic desquamative 


gingivitis, fissured tongue and geographic tongue. 


Desquamative gingivitis may rarely be seen in 
such patients.(Figure 20-28) 





Fig. 20-28 Area of desquamation involving marginal and 
attached gingiva in a patient with xeroderma 
pigmentosum. 


Conclusion 


Gingival desquamation is a clinical manifestation of many 
inflammatory and immunological diseases. Although 
Oral lichen planus, mucous membrane pemphigoid, and 
pemphigus Vulgaris account for the majority’ of 
cases. However, rare cases such as tuberculosis should 
also be considered during the diagnosis of gingival 
desquamation 


Gingival desquamation may presentas the only manifestation 
in some cases while it may be associated with other oral 
and extra oral manifestations. These’ signs and 
symptoms help in diagnosis and treatment planning of the 
underlying disease. (Eg. lichen planus presents as 
Wickham’s _ striae, Positive Nikolsky’s sign in pemphigus 
and MMP, and ocular involvement in mucous membrane 
pemphigoid). 


In cases presenting with desquamative gingivitis as the 
sole feature; care should be taken for proper diagnosis as 
they may mimic plaque-induced _ gingivitis. Thus, 
familiarization of various clinical presentations of gingival 
desquamation is essential for early diagnosis and prompt 
treatment. 
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Review Questions: 


Essay questions: 


Write briefly about the diseases that could manifest 
as desquamative gingivitis. 


Short notes: 


2 


3. 


Describe briefly the treatment of desquamative 
gingivitis. 


What is Nikolsky sign? 
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Gingival enlargement is defined as an overgrowth and often leads to periodontitis. lt can be due to various 
or increase in the size of the gingiva, is a common causes, and the treatment is based on the underlying 
feature in gingival diseases, and may be caused by a variety of pathology. 

factors. It is also called as hypertrophic gingivitis or 


agival h Iasi Different types of gingival overgrowth include familial, 
gingival hyperplasia. 


hereditary, inflammatory, hormonal and idiopathic causes. 
It is seen as a fibrous overgrowth of gingiva with 
overproduction of fibrillar collagens by gingival fibroblasts 


Table 21.1: Classification of Gingival Enlargement 


¢ Chronic 


] Inflammatory enlargement 
y & ¢ Acute. 


Il Drug-induced enlargement 


Ill Enlargement associated with systemic factors a.Conditioned enlargement. 
or conditions. ¢ Pregnancy. 
¢ Puberty. 
¢ Vitamin C deficiency. 
¢ Plasma cell gingivitis. 
¢ Nonspecific conditioned enlargement. 
b. Systemic diseases are causing gingival enlargement. 
¢ Leukemia. 
¢ Granulomatous diseases. 
IV. =Neoplastic enlargement (gingival tumors) ¢ Benign. 
¢ Malignant. 
V__ False enlargement 


Definitions and Terminology Gingival hyperplasia refers to a histological enlargement of 
TO tHe tissue caused by an increase in the number of cellular 


Gingival Enlargement: An overgrowth or increase in and intercellular elements. (Barak, Ellis, Harel, et al.) 


size of the gingiva. — Glossary of Periodontal Terms 200 
Effiom et al. have reported that there is a considerable 


overlap between the various histological types of focal 
reactive gingival lesions. 


Hyperplasia refers to an increase in the number of cells, 
and hypertrophy refers to increase in size of individual 
cells. The histological terms of hyperplasia and hypertrophy 
cannot be applied to clinical diagnosis, as they require 
microscopical evaluation. 


Hence, gingival enlargement is a correct term to be 
applied in such cases. However, it can be classified based 


on location and distribution. 
Gingival Hyperplasia: An enlargement of the gingiva 


due to an increase in the number of cells. (Glossary of 
Periodontal Terms, 2001) 


Gingival Hypertrophy: An enlargement of the gingiva 
due to an increase in the size of cells. (Glossary of 
Periodontal Terms 2001) 
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Fig 21-1: Classification of gingival enlargement based on location and distribution 


LOCALIZED GENERALIZED MARGINAL PAPILLARY DIFFUSE DISCRETE 


eGingival eGingival ¢Marginal elnterdental eMarginal, ean isolated 
enlargement enlargement papilla papilla. attached and sessile 
not extending involving interdental enlargement 
beyonda entire mouth. papilla. ePedunculated 
group of enlargement. 
teeth. 


Inflammatory Gingival Enlargement: 


Inflammatory gingival enlargement can be either chronic 
or acute. 


Chronic inflammatory enlargement: 
The most common type of gingival enlargement is chronic 
inflammatory gingival enlargement. 
Aetiology: 


plaque due to the 
irritation by 
food 


Prolonged exposure to_ bacterial 
multitude of causes, even mechanical 
bands, chemical irritation by dental cements, 
impaction can lead to gingival enlargement. 


The bacterial plaque causes tissue oedema and infective 
cellular infiltration. 


Clinical features; 


@ The — gingiva 
discoloured. 


presents clinically as soft and 


@ Interdental papilla is first affected. 


@ Life preserver-shaped bulge around the involved 
teeth. 


@ It can be either localized or generalized. 

@ They bleed easily. 
Histology 

@ Tissue edema and infective cellular infiltration. 
Treatment: 

@ Scaling and root planing 


@ If no response/shrinkage, surgical removal by gingivec- 
tomy. 
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Fig:. 21.2 Clinical picture showing Orthodontic treatment 
induced gingival enlargement (Picture courtesy — Dr.Ahmed 
Elhassan) 





Fig:. 21.3 Clinical picture showing Orthodontic treatment 
induced gingival enlargement 


Gingival changes’ associated with mouth 
breathing: 
Gingival inflammation and _ gingival enlargement are 


common in mouth breathers. The exact pathogenesis is 
not clear. It could be precipitated by irritation and surface 
dehydration. 


Yy 
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Acute inflammatory enlargement; 
Gingival abscess: 


A gingival abscess is a localized, painful, rapidly expanding 
lesion that is usually of sudden onset. 


Etiology; 


@ Bacteria carried deep into the tissue by a foreign 
body. 


@ It can be due to trauma from toothbrush bristle, a 


piece of an apple core, fish bone or can be iatrogenic. 
Clinical features; 
@ Red swelling with a smooth, shiny surface. 


@ The lesion becomes fluctuant and pointed with a 
surface orifice from which a purulent exudate may 
be expressed. 


@ The adjacent teeth are tender to percussion. 
Histology: 

@ Tissue oedema. 

@ Infiltration of PMNs. 
Juvenile spongiotic gingivitis: 

First proposed by Darling et al. in 2007. 


@ It could be described as localized juvenile spongiotic 
gingival hyperplasia. 


@ Has female predominance and affects anterior 
maxillary gingiva. 


@ Usually asymptomatic. 


@ Seen as a small, localized, papillary or velvety, bright 
red, easily bleeding gingival overgrowth in a child. 


@ Histopathology shows inflammation and papillary 
hyperplasia with higher expression of CK-1I9. 


@ There is alack of response to periodontal treatment 
and lack of association with local factors. 


Periodontal (lateral) abscess: 


@ It involves the supporting periodontal structures. 
It has been discussed in the chapter abscesses of 
periodontium. 
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Orthodontic Treatment-Induced 
Gingival Overgrowth 


@ The effect of a continuing low-dose nickel release to 
Sy oyEaaT=1 Olga meal Maar ama ea Leo maal meal alah sl eileen anal) 
enlargement. 


Its features include: 
— Fibrous gingiva. 


— Absence of gingival fragility and marginal gingival 
redness as seen in inflammatory gingival lesions. 


Histologically there is an increase in epithelial 
thickness and in epithelial cell proliferation in 


response to low-dose nickel concentrations. 


(Gursoy et al) 


The Gingival overgrowth/enlargement that is 
commonly seen with orthodontic treatment may 
not resolve completely even 3—|2 months after the 
removal of the fixed appliances. (Kouraki et al) 





Drug-Induced Enlargement: 


Drug-influenced gingival enlargement: Gingival enlargement 
resulting in whole or in part from systemic drug use. — 
Glossary of Periodontal Terms 2001 


Chronic medication with certain drugs can lead to gingival 
overgrowth.lt may be due to genetic predisposition 
complicated by local factors. More than 20 prescription 
medications are associated with gingival enlargement. 


The patients who react positively to the drugs are 
called‘responders’, and they develop gingival enlargement 
at different levels. The people who do not react are called 
‘non-responders’. 


It was first described by Kimball in 1939 as he noted gingival 
enlargement with phenytoin usage. 


Pathogenesis: 


The drugs can interact with resident gingival fibroblasts 
and affect the turnover of extracellular matrix. Collagen 
degradation involves two pathways, extracellular digestion 
by proteolytic enzymes and phagocytosis followed by 
intracellular degradation by fibroblasts. 
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The mechanism for gingival enlargement is not completely 
understood. It is 


4 


Dose-related (increases with the increase in the 
dosage) — based on dosage, duration, combination 
and serum level of the drug 


@ Plaque-associated. (cofactor) 


Direct effect on cellular targets. (Tgrowth factor 
PDGF producing macrophages, \collagen degrading 
enzymes) 


The increase in TGF-B can stimulate Type I, Ill, and VI 
collagen genes and enhanced deposition of collagen 
which is resistant to protease activity leading to 
gingival enlargement. 


Single-nucleotide polymorphisms (SNPs) of IL-6 
promoter gene can enhance the proliferation of 
fibroblasts and enhanced synthesis of collagen and 
glycosaminoglycans. 


SNPs in integrin gene expression can alter the signalling 
between fibroblasts and extracellular environment. 


Increased secretion of PDGF from the macrophages, 
which is a mitogen and chemoattractant for 
fibroblasts. 


Decreased degradation of the components of 
extracellular matrix. 


Increased secretion of bFGF that lead to increased 
proliferation of gingival fibroblasts. 


Increase in macrophage phenotypes (leading to 
macrophage dominant gingival enlargement) 


Mutations in HLA factors (B37,A24) may increase the 
risk of gingival enlargement in transplant patients. 


May stimulate osteoblast proliferation. 


May alter the tissue response to periodontal pathogens 
by altering TLR and mCDI14 expressions. 


MDRI (Multidrug resistance |) gene mutation can 
modify the inflammatory response to drugs like 
Amlodipine. 


The drugs commonly implicated are 


4 


Anticonvulsants like | Phenytoin, Succinimides, 
Phenobarbitol and Valproic acid 


Calcium Channel Blockers like Nifedipine, Amlodipine, 


Diltiazem, Verapamil. 


Gingival enlargement )) 


@ Immunosuppressants like Cyclosporine, Tacrolimus, 
Sirolimus 


Common features of drug-induced gingival 
enlargement 


@ Patient predisposition in pattern of enlargement .ie 
genetic predisposition 

A tendency to occur more often in anterior gingiva 
A higher prevalence in younger age group 

Onset within three months of use 


In the papilla. 
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Although the condition can be found in periodontium 
with or without bone loss, there is no association 
with attachment loss or tooth mortality 


Treatment of drug-induced enlargement: 

@ Non-surgical management/ Intrusive periodontal 
therapy 
<> Possibility of discontinuing the drug 
<> Changing the medication with alternate drugs. 


<> Plaque control can help in preventing or retarding 
such gingival enlargement. 


<> Usage of antibiotics 
@ Surgical management 


<> Small areas upto six teeth without any attachment 
loss could be treated with gingivectomy. 


~ Larger areas of gingival enlargement more than six 
teeth or areas where attachment loss combined 
with osseous defects could be treated with 
periodontal flap. 


¢ Maintenance 
<> Meticulous home care 
<> Chlorhexidine mouth rinse. 
<> Professional cleaning 


< Use of night guard 
Dilantin Hyperplasia / Phenytoin: 


Phenytoin is an anticonvulsant drug commonly used 
for prevention of seizures. A common side effect of 
phenytoin therapy is gingival enlargement. 
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Clinical features: Oral Side Effects: 
<> Incidence: 6 — 62%. @ Gingival Hyperplasia (8 — 70%) 
<~ Age;more common in younger patients. ¢ Peri-oral Hyperesthesia. 
<> Begins between 2 weeks to 3 months. ¢ Kaposi Sarcoma 
<> Dose and duration not significant. Clinical features; 
<> Worsens with poor oral hygiene. ¢ Onset: one to several months 
<> It shows gingival enlargement, initiated at the peaks CHE yea 


interdental papillae and exhibits a pebbly surface, 


4 
¢ Trigger dose: 5 — 20 mg/kg 
usually after one month of drug usage. . 


Incidence 


7 O 
<> The enlargement later extends facially, lingually % Adults:50% 
icati <> Children < 15 years: 100% 
and coronally leading to complications. Y 
@ Histopathology shows anincrease in connective 
tissue with variable inflammatory infiltrate, increased 
vascularity, increase in number of fibroblasts, increase 
in non-fibrillar extracellular components and Type IV 
collagen and acanthotic epithelium. 


Histopathology shows anincrease in connective tissue 
with variable inflammatory infiltrate, increased vascularity, 
extensive fibroblast proliferation and abnormal ratio of Type 
I: III collagen. The epithelium is also thickened, acanthotic 


with elongated rete pegs. 


Treatment: 
Treatment: . . 
@ Moderate enlargement will require surgery. 
@ Discontinue Dilantin. . 
@ Discogntinue and substitute drug (tacrolimus) 


@ Increase home care. 
<> OHI, chlorhexidine, and flossing. 


Strict hygiene and plaque control measures. 
@ Chlorhexidine mouthwash. 


¢ Pressure splints. ¢ Gingivectomy or flap surgery. 


¢ Periodontal surgery. Calcium channel blockers: 


Immunosuppressant - Cyclosporine: 
PP y P @ They are used in cardiovascular conditions such 


It is an immunosuppressant agent used for anti-rejection of as hypertension, angina pectoris, coronary artery 
grafts, Psoriasis, Pemphigus, Bullous Pemphigoid, Behcet's spasms, and cardiac arrhythmias. Gingival enlargement 
Syndrome, Type | Diabetes and Rheumatoid Arthritis. has been associated with calcium channel blockers 


including Nifedipine, Amlodipine, Verapamil, Diltiazem, 
Nitrendipine and Felodipine. 





Fig:. 21.4 Cyclosporine-induced gingival enlargement 


Fig. 21.5 Nifedipine induced gingival enlargement 
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Nifedipine is the calcium channel blocker most commonly used 
and hence most commonly seen producing gingival enlargement. 
This drug concentrates within gingival tissues and affects the 
cell growth of resident gingival fibroblasts. The cell death of 
fibroblasts is significantly inhibited by this drug. 


The gingival enlargement is plaque associated cofactor. There is 
a significant correlation between indices of gingival inflammation 
and overgrowth. Extensive oral hygiene reduced the recurrence 
of such gingival enlargements. 


Histopathology shows anincrease in connective tissue with 
variable inflammatory infiltrate, increased vascularity, and 
increase in number of fibroblasts, disparity in fibronectin and 
acanthotic epithelium. 


Treatment 
@ Aggressive oral hygiene. 
@ Alternate medication. 
@ Gingivectomy. 
@ Recurrence is uncommon when oral hygiene is 
properly maintained. 


Idiopathic gingival enlargement; 


Idiopathic gingival enlargement is a rare gingival lesion 
that represents as localized or generalized enlargement 
of the attached gingiva. It has been designated by various 
terms such as gingivomatosis, elephantiasis, diffuse fibroma, 
familial elephantiasis, idiopathic fibromatosis, hereditary 
gingivalfibromatosis and congenital familial fibromatosis. 


Etiology: 


The condition is rare of undetermined 
May be either autosomal dominant 
common) or autosomal recessive gene. 


etiology. 
(more 


The defect may be at 
¢ 2p21-p22 (GING F). 
¢ 2p22.3-p23.3(GING F3) 
¢ 5q13-q22(GING F2) 
¢ IIpl5 (GING F4) 
¢ Son of Sevenless-|(SOSI) gene. 


Syndromes associated with 


¢ Zimmerman-Laband syndrome (Defects of bone, nail, 
ear, nose and splenomegaly) 
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@ Murray-Purelie-Drescher syndrome (Multiple dental 
hyaline tumors). 
@ Cowden’s syndrome (Multiple hamartomas) 


@ Cross syndrome (microphthalmia, mental retardation, 
athetosis with hypopigmentation). 


@ Rutherford syndrome (Corneal dystrophy). 
@ Jones syndrome (Sensori-neural deafness) 
4 


Ramon syndrome 
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Prune-Belly syndrome 
Clinical features: 


@ Pinkcolour of the gingiva may turn red with 
accumulation of plaque due to superimposed 
inflammation. 


It is firm, fibrous and leathery in consistency. 
Stippling is pronounced. 
It is a non-plaque-induced gingival enlargement. 


It displays a nodular or minutely pebbled surface. 
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Itis generally seen with eruption of permanent 
dentition and at times deciduous dentition may also 
be involved. 


@ It is an asymptomatic, non-haemorrhagic, non- 
exudative and proliferative lesion. 


@ The presence of teeth and environment of gingival 
crevice determines the pathogenesis. his enlargement 
subsides with extraction. 





Fig. 21.6.a Idiopathic gingival fibromatosis 


Cc Clinical Periodontology 





Fig. 21.6-b: Idiopathic gingival fibromatosis 





Fig. 21.6 Idiopathic gingival fibromatosis 


Types of gingival fibromatosis (GF) 
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Nodular form - multiple focal enlargements in the 
dental papillae. 


Symmetric form - more uniform enlargement. 


Generalized form; involves the attached gingiva of 
both maxillary and mandibular arches. 


Localized form; maxillary tuberosity and molar area, 
predominately on the palatal aspect. 
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Isolated Idiopathic GF 
@ GF with hypertrichosis 


@ GF with hypertrichosis, mental retardation and/or 
epilepsy. 
@ GF with mental retardation and/or epilepsy 


@ GF associated with other diseases as a part of 
asyndrome. 


Histopathology: 


@ Increased connective tissue with densely arranged 
collagen bundles, numerous young fibroblasts, and 
scarce vascularity. 


@ Overlying epithelium is of variable thickness with 
hyperkeratosis, acanthosis, thickening and elongated 
rete pegs. 


@ Small calcified particles, islands of osseous metaplasia, 
amyloid deposits and islands of odontogenic 
epithelium may be seen occasionally. 


¢ Ultrastructural alterations in collagen fibrils like 
flocculent extracellular material, loops, rope-like 
structures, branching networks with varied fibril 
diameter are seen only in hereditary GF and are 
absent in drug-induced enlargements. 


Combined Enlargement 


PRIMARY 


GINGIVAL SECONDARY 


INFLAMMATION 


ENLARGEMENT 





Fig. 21.7: Combined enlargement 
Enlargement associated with systemic factors: 


Several systemic diseases can develop _ oral 
manifestations that may include gingival enlargement, some 
that are related to conditions and others that are related 
to disease: 


MODIFIED BY CONDITIONED 
Si bdbarcet eight SYSTEMIC CONDITIONS ENLARGEMENT 


Fig. 21.8: Enlargement associated with systemic factors 
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Hormonal: 


Enlargement in pregnancy: 


@ There is an increase in the oestrogen levels in 
pregnancy. It reaches levels 10% to 30% higher than 
the levels during the menstrual cycle. 


@ This causes changes in vascular permeability, leads to 
gingival oedema and an increased inflammatory 
response to plaque. 


Increase in Prevotella intermedia 
Marginal enlargement. 
Incidence; 10%-70%. 


@ More prominent interproximally. 
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Tumor-like enlargement/pregnancy tumor; 
@ It is not a neoplasm. 
@ Incidence; |.8% to 5%. 
@ Usually appears after 3rd month of pregnancy. 
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Seen as a gingival mass arising from interproximal 
space attached by a sessile or pedunculated base. 


@ Colour; dusky red or magenta. 
@ Surface texture; smooth and glistening. 


@ Consistency; usually semi-firm. May become soft and 
friable. 


@ Multiple tumor-like masses can also be seen in some 
cases. 


@ Histopathology: 


<> Angio-granuloma (neovascularization, fibrous 
stroma), thickened stratified |§ squamous 
epithelium. 


@ Treatment; (a) removal of all plaque deposits. (b) 
Resolution follows parturition. (c) Gingivectomy. 


Enlargement in puberty; 


@ Seen both in male and females. 
@ Bulbous interdental papilla. 


@¢ Microorganisms; increased populations 
of Cytocapnophaga, Prevotella intermedia, and Prevotella 
nigrescens. 


@ No specific treatment, Spontaneous reduction after 
puberty. 
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Nutritional - Enlargement in vitamin C 
deficiency: 


Gingival enlargement in vitamin C deficiency is marginal; 
the gingiva is bluish red, soft, and friable and has a smooth, 
shiny surface. 


@ Histopathology; marked diffuse oedema, collagen 
degeneration, and scarcity of collagen fibrils or 
fibroblasts 


Allergic enlargements: 


Plasma cell gingivitis: 


(Atypical gingivitis, plasma cell gingivostomatitis, plasma cell 
granuloma (localized lesion). 


@ Red friable and sometimes granular and bleeds 
easily. 
Histopathology: 


@ Oral epithelium; spongiosis and _ infiltration with 
inflammatory cells. 


@ Connective tissue; dense infltrate of plasma cells. 
Differential diagnosis 


@ The lesion is present on the oral aspect of the gingiva, 
and, therefore, differs from plaque-induced gingivitis 


Nonspecific Conditioned 


granuloma 


Enlargement - Pyogenic 


Pyogenic granuloma is a tumor-like gingival enlargement 
that is considered an exaggerated conditioned response to 
minor trauma. 


¢ Etiology: Idiopathic. 


¢ Clinical features: discrete tumor-like mass with 
pedunculated attachment to a flattened, keloid like 
enlargement with a broad base. 


@ Surface ulceration and purulent exudation. 
¢ Colour: red or purple. 


¢ Histopathology: granulation tissue with chronic 
inflammatory cellular infiltration. 
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Fig. 21-8: Photomicrograph of pyogenic granuloma 


¢ Treatment: oral hygiene instruction, scaling + root 
planing and excisional gingivectomy. 


¢ Recurrence rate: recurrence IS common. 


Recurrence rate is 15%. 


Reactive lesions: 
These include peripheral giant cell granuloma and fibrous 
hyperplasia. 
It is an exuberant tissue response producing an exophytic 
lesion in the gingiva. 


Systemic disease-causing enlargement 


Blood dyscrasias: 


They include diseases like Leukemia, Lymphoma, and 
Aplastic anemia. 


Leukemia: 


Leukemic enlargement may be diffuse or marginal and 
localized or generalized. 


@ Colour; bluish red. 
Surface texture; shiny. 
Consistency; moderately firm; 


Bleeds spontaneously or on provocation. 
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Maybe superimposed with acute necrotizing 
inflammatory involvement. 


@ True leukemic enlargements are seen in acute 
lymphoblastic leukemia. 
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Granulomatous diseases: 


- Such as Wegener's granulomatosis and Sarcoidosis; 
Wegener's granulomatosis; 
@ Isarare disease characterized by acute granulomatous 


necrotizing lesions 


@ Lesions of respiratory tract, renal lesions and acute 
necrotizing vasculitis of blood vessels. 


@ Etiology: Unknown, immunologically mediated tissue 
injury. 
@ Clinical features: 


<> Oral mucosal ulceration, abnormal tooth mobility, 
exfoliation, and delayed healing response 


<> Gingival enlargement -— Strawberry _ gingival 
hyperplasia is a pathognomonic finding. 


<> The changes initially appear in the interdental 
papillae as bright red, friable lesions. 


Sarcoidosis: 


@ It is of unknown aetiology. 
@ Racial predilection; Blacks are more affected. 
@ May involve any organ. 


@ Gingival lesion; Red smooth, painless enlargement 
may appear 


Other diseases manifesting as gingival 
enlargements: 


@ Acromegaly 
@ Amyloidosis 


¢ Granulomatous diseases like Crohn’s_ disease, 
Tuberculosis, Deep fungal infections 


@ Kaposi's sarcoma 
@ Neurofibromatosis 


@ I-cell disease, Niemann-Pick disease (Metabolic 
disorder) 


¢ Ligneous periodontitis (Plasminogen deficiency) 
¢ Giant cell granulomas 


@ Langerhans cell histiocytosis 
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@ Benign neoplasms, such as 
ossifying fibroma, myoid tumors like solitary 
fibrous tumor, leiomyoma, myofibroma and 
myopericytoma, odontogenic fibroma, epithelioid 
hemangioendothelioma and peripheral odontogenic 
tumors like ameloblastoma. 


Fibroma, Papilloma, 


@ Epulis is a generic term used to designate all discrete 
tumours and tumour like masses of the gingiva. 


@ They arise from the gingival connective tissue or the 
periodontal ligament. 


@ They are slow growing tumours and are spherical in 
shape. 





Fig. 21-9: Fibroma in gingiva 
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Fig. 21.10: Fibroma in oral cavity 


Gingival enlargement 


@ Etiology: Human papilloma virus (viral subtypes 
HPV-6 and HPV-I 1). 


@ Clinical features - Single, wart-like or cauliflower-like 
protuberances. 


@ Giant cell lesions of the gingiva are seen on marginal 
gingiva or papillary portions. 


@ Usually seen on _ labial 
or pedunculated in nature. 


surface. Maybe sessile 


@ Pink to deep red or purplish blue in color. 
@ Consistency; firm or spongy. 


@ Smooth, regularly outlined to irregularly shaped 
masses. 


@ May be locally invasive. 
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Fig. 21.11: Peripheral giant cell granuloma 
@ Treatment; excision. 


Malignant neoplasms: Gingival Swelling could be a 
presentation for carcinoma, malignant melanoma, 
granulocytic sarcoma, Non-Hodgkin’s lymphoma and 
metastatic tumors. 


False gingival enlargements: 


Alternations in the underlying bony or dental tissue may 
pose as gingival enlargements. They are called false gingival 
enlargements. 


Underlying bony lesions; 


@ Tori and Exostosis. 
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Fig. 21.13 Clinical picture of Torus palatinus 


¢ Paget's disease. 
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Fig. 21.14 Photomicrograph of Paget’s disease 
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Fig. 21.15 Clinical picture of Paget’s disease (Picture courtesy 
— Dr.Anuja. N) 


¢ Fibrous dysplasia. 





Fig. 21.16 Clinical picture of Polyostotic fibrous 
dysplasia (Picture courtesy - Dr. Anuja. N) 
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@ Cherubism. 


¢ Central giant cell granuloma. 


@ Ameloblastoma. 


~a Tall columnarcells 
with reversed 
polarity 






,, Sheets of odontogenic 
~ epithelium 


— Stellate -reticulum 
like cells 


Fig. 21.17 Photomicrograph of Plexiform ameloblastoma 
@ Osteosarcoma. 
@ Osteoma. 
Underlying dental reasons; 
@ Development enlargement; 
¢ During eruption of the teeth. 


@ Manifestation of regional odontodysplasia 
Indices for gingival enlargement: 


@ Kimball, Harrisand Ewalt first described an index for 
measurement of gingival enlargement. 


@ Angelopoulous and Goaz described an_ index 
to measure vertical enlargement by dividing the 
crown into three-thirds. It measures the height of 
gingival tissue in the apex-crown direction from the 
cementoenamel junction to the free gingival margin. 


@ Seymour et al described gingival overgrowth index 
based on study of plaster casts. It records both the 
vertical and horizontal growth. 


@ Miller and Damm proposed a modified index with 
vertical and horizontal overgrowth. 


@ Miranda and Brunet index also called Nodullary- 
papilla index measures the horizontal enlargement of 
the papilla from the enamel surface at the interdental 
point of contact to the most external enlarged buccal 
papillary surface. 
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@ Ellis et al reported a non-invasive, photographic 
scoring for gingival overgrowth. 
@ Rosin et aland Thomason et al reported 3D analysis 


with laser scanner. 


Index for measurement of gingival 
enlargement; 


@ Grade 0: No gingival enlargement. 

@ Grade |: Enlargement confined to interdental papilla. 

@ Grade 2: Enlargement involving papilla and marginal 
gingiva. 

@ Grade 3: Enlargement covering three-quarters or 
more of the crown. 


Complications of gingival enlargement: 


@ Malpositioning of teeth leading to malocclusion. 
< Diastema. 
<> Tooth mobility. 


@ Aesthetic disfigurement - Enlarged gingiva in anterior 
region may appear displeasing. 


@ Interference with oral hygiene maintenance. 
@ Retention of plaque which may lead to 

<> Caries. 

<> Gingivitis. 

<> Periodontitis. 
@ Difficulty in mastication. 


@ Alterations in speech - patient may experience 
difficulty in speech when the gingival enlargement is 
considerable. 


@ Prolonged retention of primary teeth. 


@ May act as foci of oral sepsis — serious in 
immunocompromised patients. 


Review Questions: 


Essay Questions: 


|. Classify the gingival enlargement. Describe in detail 
drug induced gingival enlargements. 
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Short notes: 


2. 
3. 
4. 


Idiopathic gingival enlargement. 
Combined gingival enlargement. 


Conditioned gingival enlargement. 
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Chapter Outline: 


¢ Definitions and Terminology 


— Epidemiology 

— Pathogenesis 

— Periodontal pocket 

— Clinical features 

— Pattern of Disease Progression 
— Clinical Description 

— Risk factors for disease 


Chronic periodontitis is the most prevalent disease globally. 
It does not affect all teeth evenly and shows predilection 
for subject and sites. Periodontitis is inflammation with loss 
of attachment. 


DEFINITIONS AND TERMINOLOGY: 


Periodontitis is defined as “an inflammatory disease of 
the supporting tissues of the teeth caused by specific 
microorganisms, resulting in progressive destruction of 
the periodontal ligament and alveolar bone with pocket 
formation, recession, or both. ’(Carranza) 


CHRONIC PERIODONTITIS: An infectious disease 
resulting in inflammation within the supporting tissues of 
the teeth, progressive attachment and bone loss and is 
characterized by pocket formation and/or recession of the 
gingiva. It is recognized as the most frequently occurring 
form of periodontitis. It is prevalent in adults, but can 
occur at any age. Ihe disease is usually associated with the 
presence of plaque and calculus. Progression of attachment 
loss usually occurs slowly, but periods of rapid progression 
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— Differential diagnosis 
— Diagnosis of Chronic periodontitis (CP) 
¢ Systemic effects of Periodontal Disease 
¢ Epidemiological studies and Definitions of Periodontitis 
e Review Questions 
— Essay questions 
— Short notes 
¢ Principal References and Suggested Further Reading 


can occur. Associated with a variable microbial pattern. — 
Glossary of Periodontal Terms -2001. 


RECURRENT Periodontitis: A condition where 
periodontitis has been successfully treated but then 
recurs. A secondary descriptor used with various 
categories of periodontitis (e.g., recurrent chronic 
periodontitis,recurrent aggressive periodontitis, etc.). 
Glossary of Periodontal Terms -200| 


REFRACTORY Periodontitis: A condition where 
one or more forms of periodontitis are unresponsive 
to treatment despite excellent patient compliance and 
delivery of periodontal therapy that ordinarily is successful 
in arresting the progression of periodontitis. A secondary 
descriptor used with various categories of periodontitis 
(e.g., refractory chronic periodontitis, refractory aggressive 
periodontitis, etc.). Glossary of Periodontal Terms -2001 


Periodontoclasia: The term is only of _ historical 
significance. Its use had been discontinued. It was a 
collective term used to describe all the destructive and 
degenerative diseases of the periodontium. 
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Riggs diseases (after American dentist John Mankey Riggs) 
and Pyorrhea alveolaris are also historic terms that were 
used to describe periodontitis. 


Chronic Periodontitis was earlier referred to as “adult 
periodontitis” or “chronic adult periodontitis” and “slowly 
progressive periodontitis”.It is the most prevalent form 
of periodontitis according to the classification of “World 
Workshop in Periodontics 1989”. 


Chronic periodontitis is defined as “an infectious disease 
resulting in inflammation within the supporting tissues of 
the teeth, progressive attachment loss, and bone loss”. 


Inthe late 1800s, what is now knownas chronic periodontitis 
was clinically characterized as a slowly progressive 
destruction of the periodontium due to the accumulation 
of lime deposits on the teeth, or calcic inflammation of the 
peridental membrane, secondary to deposits of salivary_ 
and/or Serumal calculus. 


Epidemiology: 


Age: Prevalence increases with age. It is common in adults, 
but may occur in children and adolescents. 


Gender: No Sex predilection. 


Chronic periodontitis and dental caries are the most 
commonest causes of tooth loss worldwide. 


Pathogenesis: 


Bacterial plaque accumulation (Supragingival or subgingival) 
incites an immune response in periodontium initially 
presenting as gingivitis. Depending on the _ individual, 
progression into periodontitis requires variable time period 
and it does not happen in all cases. 


Brecx et al. have quoted around 6 months are needed for 
this transition. The major changes include accumulation of 
inflammation adjacent to the periodontal pocket, connective 
tissue attachment to tooth surface, apical migration of 
epithelial attachment and resorption of marginal alveolar 
bone. This progressive bone loss ultimately leads to loss of 
teeth, if left untreated. 


Periodontal disease is due to the host response against 
microbes leading to tissue destruction. The bacteria initiate 
the destruction which is propagated by host cells. Chronic 
periodontitis is associated with a variable microbial pattern. 
Few of the causative organisms include Porphyromonas 
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gingivalis, Aggregatibacter actinomycetemcomitans, Prevotella 
intermedia, Tannerella for sythensis, Prevotella nigrescens, 
Fusobacterium nucleatum, Treponema denticola, spirochetes 
and Campylobacter rectus. 


Most of the inflammatory changes in gingivitis are reversible 
in nature whereas the bone loss and apical migration in 
periodontitis are irreversible.As discussed in pathogenesis 
of gingivitis, periodontal disease progresses as Initial lesion 
(Stage I), Early lesion (Stage II), Established lesion (Stage Ill) 
and Advanced lesion — Periodontitis (Stage IV). 


Features in advanced lesion include periodontal pocket 
formation, surface ulceration, suppuration, destruction 
of alveolar bone and PDL, tooth mobility and drifting 
eventually leading to tooth loss. 


Various enzymes, toxins and metabolic products released 
by these microbe’s damage tissue and initiate inflammatory 
response. [heir surface proteins incite a host response with 
recruitment of numerous inflammatory cells and release 
of inflammatory mediators like cytokines, proteases, and 
prostaglandins. This leads to destruction of connective 
tissue attachment to the tooth surface. The epithelial 
cells proliferate apically along the root surface and pocket 
forms. 


As the pocket increases in depth, the flora becomes 
increasingly anaerobic, and host response becomes more 
chronic and destructive in nature. Progression of gingivitis 
to periodontitis shows a change from T-cell to B-cell 
predominance along with plasma cells. 


The bone destruction progresses along the crest of 
interdental septum around the blood vessels. The pocket 
epithelium proliferates apically along the denuded root 
surface that has lost the connective tissue attachment. 
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Lymphocytic infiltrate (B & T cells) in early gingivitis & Plasma 
cells seen in established gingivitis - Cytokine release 


Extension of inflammation beyond base of Junctional 
epithelium into supra-alveolar connective tissue 


Plasma cells, Lymphocytes & macrophages 


Destruction of collagen fibers & loss of attachmentto 
cementum. 


Apical migration of junctional eptihelium— pocket formation 


Progressive destruction of PDL and osteoclastic resorption of alveolar 
bone 


Junctional epithelium migrates apically — pocket deepens 


Inflamed coronal tissue lose specialized attachment — converted into 
pocket epithelium 





Fig. 22.1 Pocket formation and progression of chronic periodontitis 
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Periodontal pocket: 

@ Bounded by denuded root surface and pocket 
epithelium 


@ Narrow zone of junctional epithelium at the base of 
the pocket. 


@ Pocket contains 
<> Subgingival plaque 
<> Calculus 


<> Inflammatory exudate with fluid, immune 
mediators and cells — crevicular fluid can be 
assessed. 


@ Pocket epithelium is of variable thickness 


@ Connective tissue shows dilated blood vessels, 
inflammatory cells and osteoclasts in areas of active 
resorption. 
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Fig. 22.2 Periodontal inflammation 
Clinical features: 


The characteristic clinical findings in patients with chronic 


periodontitis include: 


@ The amount of plaque and calculus/ local factors is 
consistent with the extent and severity periodontal 
destruction. 


<> Subgingival calculus is a frequent finding. 
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@ Inflammation with generally slow but progressive 
attachment and bone loss. 


@ Periodontal Pocket formation occurs. 


<> Pocket depths are variable; both horizontal and 
vertical bone loss can be found. 


@ Tooth mobility often appears in advanced cases with 
extensive attachment loss and bone loss. 


@ Occasional suppuration may be seen. 


@ Slow to rapid progression of the disease. 


Gingival findings: 


@ Gingiva bleeds spontaneously or Bleeding on probing 
is seen. 


@ The gingiva may be slightly to moderately swollen; 
stippling lost with gingival colour ranging from pale 
red to magenta in cases of chronic periodontitis with 
poor oral hygiene. 


¢ The gingival changes associated with gingival 
inflammation may not be apparent but bleeding on 
probing is seen in chronic periodontitis patients who 
maintain good oral hygiene. 


@ Fibrotic marginal tissues may be seen in cases with 
probably chronic low-grade inflammation. 


Symptoms: 


@ Bleeding gums. 

@ Spontaneous spacing between teeth. 
@ Loose teeth. 
4 


Hypersensitivity caused by exposed roots that are 
sensitive to thermal stimuli heat, cold, or both. 


@ CP is often painless. However, areas of localised dull 
pain, sometimes radiating deep into the jaw, may be 
associated with periodontitis. 


@ Areas of food impaction may add to patient's 
discomfort. 


@ Gingival tenderness or “itchiness” /urge to dig the 
pocket may be seen. 


(4) Periodontics & Oral Implantology 


Chapter 22 Chronic Periodontitis 





Maxillary anterior 


Right Maxillary Posterior 


Periodontics & Oral Implantology (5) 


Clinical Periodontology Section - V 


) sil 


D 





Left Maxillary posterior 


Mandibular posterior 


(6) Periodontics & Oral Implantology 


Chapter 22 Chronic Periodontitis 


Ev D 
yy 






Right Mandibular posterior 


Fig: 22.3 Generalized moderate to severe Chronic periodontitis in a 56 years old male Caucasian patient. 
(Courtesy Dr. Ahmed Taher El-Hassan) 
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Pattern of Disease Progression: 


There are two types of model’s of progression of chronic 
periodontal disease agreed by the researchers — gradual 
model and burst model. & 


@ The Continuous model: It is slow, continuous and 
progressive, linear pattern of disease progression. 

@ Burst model: 
There are two types of model agreed upon in this 
mode 


<> Random burst /episodic burst model: Activity 
occurs at random at any site. The diseased sites 
show cycles of exacerbation and spontaneous 
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remissions. Some sites show no activity, whereas 
others show one or several bursts of activity. The 
cumulative extent of destruction varies from site 
to site. 


Asynchronous multiple burst model: Several sites 
show bursts of activity over a finite period,followed 
by prolonged periods of inactivity. Occasional 
bursts may infrequently occur at certain sites at 
later periods. Other sites show no periodontal 
disease activity at any time. The difference from 
the random burst model is that here the majority 
of destructive disease activity takes place within a 
few years of the individual's life. 


It is unclear from current studies whether the gradual or burst 


model of disease progression or some other model is correct. 


Clinical Description: 


Chronic 
Periodontitis Basedon the 


isexpressed Extent-percent of 


based on the : . 
ceili nial sites involved: 


severity as 
follows: 


Based on the 
Severity of clinical 
attachment loss 
(CAL): 


Generalised: 30% or more sites 
involved. 


Localised: less than 30% of sites 
involved. 


Mild/Slight periodontitis: 1-2 mm 
clinical loss of attachment. 


Moderate periodontitis: 3-4 mm 
clinical loss of attachment. 


Severe/Advanced periodontitis: More 
than or equal to 5 mm clinical loss of 
attachment. 
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Risk factors for disease: <> Emotional stress may influence the extent and 


severity of chronic periodontitis. 


@ Previous history of Periodontitis. 
@ Genetic Factors: 


@ Local Factors: ee . 
<> A number of studies indicate that a genetic 


<> Plaque: Chronic periodontitis is plaque-induced predisposition may exist. 
periodontitis. Plaque accumulation is considered ; : ; ; 
the primary initiating agent in the etiology of Differential diagnosis: 


erronle Peooenuus Both chronic periodontitis (CP) and Aggressive 


~~ Secondary factors favouring plaque accumulation periodontitis (AgP) share similar clinical features with loss 
are calculus, subgingival or overhanging margins of clinical attachment and bone destruction.Their medical 
of restorations, carious lesions that extend history or general health does not influence CP and AgP 
subgingivally, furcations exposed by loss of as they are grouped into a separate section — Periodontitis 
attachment and bone, crowded and maligned as a manifestation of systemic diseases. Both appear to be 


teeth, root groves, and concavities. dominated by plasma cells. Both have varied genetic and 
Systemic Factors: epigenetic factors. 

<> Diabetes mellitus. lf a patient has systemic disease like diabetes or a modifier 

ds. HIV infection like smoking, the periodontal disease can show different 


clinical presentations and progression. There is no simple 

cause-and-effect explanation for both diseases. There is also 

<> Smoking has been shown to increase the severity no universal case definition/ precise guidelines to describe 
and extent of periodontal disease. both diseases. 


@ Environmental and Behavioural Factors: 


Table 22.1: Differences between chronic periodontitis and aggressive periodontitis 


Clinical Features Chronic Periodontitis (CP) Aggressive Periodontitis (AgP) 





Age of the patients Generally, affects adults. Generally, affects patients of up to 35 years 

Rate of disease Slow progression with cycles of Rapid progression with extensive tissue dam- 

progression activity and stability age 

Patterns of destruction No consistent pattern on number Localized and Generalized AgP is classified on 
and types of involved teeth. a consistent pattern of the number and types 
Localized pattern - <30% of involved teeth and not on the percentage of 


Generalized pattern - 230% sites involved. 


Clinical features Gingival inflammation is consistent Relatively low gingival inflammation at the 
with local factors and oral hygiene. initial stages of Localized AgP 

Familial nature Localized form: Often runs in families 

Correlation with local Periodontal destruction Consistent Minimal/inconsistent with the amount of 

factors with the amount of plaque and calculus. periodontal destruction. 

Immunology Subtle differences in TLR and 3-defensin expression seen among both dis- 

eases. 
Neutrophil functions A Higher proportion of inherited and acquired 


changes in primed/hyperactive neutrophils 
leading to enhanced tissue damage. 


These cells show higher enzyme activity, 
synthesize oxidative burst particles, 
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Clinical Features Chronic Periodontitis (CP) Aggressive Periodontitis (AgP) 


Impaired chemotaxis not noted in Impaired neutrophil model — defective adhe- 
Cr sion, chemotaxis, phagocytosis, and killing is 
frequently seen in AgP 





Genetic risk Varied genetic polymorphisms involving 

¢ Overexpression of immunoglobulin-related genes and 

¢ Underexpression of genes supporting epithelial and bone integrity, focal adhesion 

and metabolism-related pathways. 

No clear determinants. Enhanced gene expression for immune re- 
sponse, signal transduction, apoptosis, NK-cell 
mediated cytotoxicity and B-cell receptor 
signalling in AgP 


Histopathology Overlaps with AgP Overlaps with CP and no exact explanation for 
rapid destruction in AgP 
Bone loss mechanisms No biochemical variation with AgP Rapid rate of bone destruction 
but slower rate of bone loss 
Microbiology No major differences among microflora between AgP and CP 
Different flora associated with CP Variations in subgingival flora in generalized 
AgP 


Frequent isolation of C.rectus, Selenomonas 
species, Treponema lecithinolyticum and P. gingivalis 
in generalized AgP 

Certain clones of A. actinomycetamcomitans in 
subgingival flora is seen in localized AgP, and 
they can penetrate pocket epithelium. 


Viruses Dual infection with EBV and CMV Activation of cytomegalovirus during root 
could influence progression. formation could play a role in Localized AgP 
Histopathology Usually a sequential progress from Some cases do not show gingivitis or marked 
gingivitis — Initial, Early, Established gingival inflammation in the initial stages. 
and Advanced lesions. 
Cyclical periodicity could be medi- —_—“ Variations in T/B-cell ratios and Macrophage/ I- 
ated by a stable I-cell lesion with a cell ratios in AgP 


progressive B-cell/plasma cell lesion. 


Higher predominance of Th2 subsets Higher CD8+ cells in severe, rapidly progress- 
in CP ing periodontitis. 


Early lesions have Thl response 
Advanced lesions have Th2 cytokines 


Dendritic cells/ Various subsets of dendritic cells play To be determined 
Langerhans cells a role in maintenance of CP 
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Clinical Features Chronic Periodontitis (CP) 


Immunoglobulin (Ig) 


Cementum 


Root surface biofilm 


Animal models 
Prognosis 


Response to therapy 


Elevated levels of IgG in AgP 


Chronic Periodontitis |) 





Aggressive Periodontitis (AgP) 


IgM and IgA levels were comparable in both. 


Thick and abundant biofilm. 


Calculus was always present and 
structurally more organized in CP 
Ligature model for biofilm formation 
done in dogs and monkeys 


Meta-analysis showed that mean 
reduction of |mm probing depth and 
0.5mm gain in attachment could be 
expected in most cases with non- 
surgical treatment. 


Doxycycline is beneficial for CP over 
[22 months. 


Surgical debridement leads _ toad- 
ditional 0.4mm _ reduction in mean 
probing depth and 0.4mm attach- 
ment loss among 4-6mm_ deep 
pockets. 

Surgical debridement leads to an ad- 
ditional 0.6mm reduction in mean 
probing depth and 0.2mm gain in 
attachment among greater than 6mm 
deep pockets. 


Areas of cementum hypoplasia without any 
reparative cementum were noted in AgP 


Thin biofilm 


Noticeable absence of calculus. 
No suitable animal models to demonstrate AgP 


Younger age and greater initial loss of attach- 
ment — Poorer prognosis in AgP 

Localized AgP responded favourably to non- 
surgical therapy using mechanical debridement 
and systemic chemotherapeutic agents with 
improvement in probing depths. 


Hughes et al. noted a mean reduction of 
2.1mm probing depth and |.7 mm gain in at- 
tachment was noted in generalized AgP. 
Ultrasonic debridement led to |mm reduction 
in probing depth. 

Clones of A. actinomycetamcomitans can 
penetrate pocket epithelium and are not 
influenced by subgingival scaling alone. 

AA species in localized AgP can demonstrate 
resistance to tetracycline, amoxicillin, doxycy- 
cline and minocycline. 

Supplementation of antibiotics with metron- 
idazole led to enhanced improvement in both 
localized and generalized AgP. 

Reduction of 0.4mm probing depth and 0.5mm 
attachment gain noted in generalized AgP 


Additional |.4mm reduction in probing depth 
with Imm gain in attachment level noted in 
Generalized AgP 
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Clinical Features Chronic Periodontitis (CP) Aggressive Periodontitis (AgP) 





Significant improvement noted in Localized 
AgP after surgical debridement with modified 
Widman flap surgery and systemic antibiotics. 


Guided tissue regeneration improved GTR showed improvements in probing depth 
attachment level by 2.7mm beyond and gain in attachment level in localized AgP. 


surgical debridement alone. 


GTR improved bone fill by 2.lmm Grafted bone defects responded better than 
beyond surgical debridement alone —_debrided bone defects. 


A significant reduction in number of 
Gram-negative organisms immedi- 


ately after subgingival scaling. 
Periodontal 
maintenance 


Systemic inflammation 
parameters 


Residual deep pockets (5-7mm) may remain 
after periodontal therapy. This leads to attach- 
ment loss and loss of teeth. 

Higher levels of LDL and triglycerides in AgP 
than CP. 


Higher levels of proinflammatory and regulatory cytokines in CP and AgP. 


Environmental risk No striking difference 
factors 


Diagnosis of Chronic periodontitis (CP): 


Generally, Chronic periodontitis is the not the chief 
complaint of the patient to seek dental treatment. This 
could be attributed to the slow and painless progress 
of this disease. Most of the time, the patient reports in 
a severe/advanced stage with clinical tooth mobility and 
radiographic bone loss. 


@ Bleeding on Probing: 


<> Bleeding following probing — sign of periodontal 
inflammation and may indicate further disease 
progression. 


<> Absence of bleeding on probing is a good predictor 
of periodontal stability. 


@ Periodontal Probing: 


<> Probing depth overestimates actual depth in 
periodontal disease and underestimates at 
health. 


<> Electronic pressure-sensitive probes improve 
the reproducibility of pocket measurements 
compared to manual probing. 


<> Pocket depth alone is insufficient to assess 
prognosis. 


@ Radiographs: 


<> Radiographs underestimate the extent and 
location of alveolar bone loss. 


<> Direct digital radiography and conventional film 
radiographs are comparable in accuracy. 


<> Clinical examination, bitewing radiographs of 
posterior teeth or a panoramic radiograph reduce 
the number of periapical radiographs in full-mouth 
radiographic examination. 


<> Bite-wing and periapical radiographs are less 
accurate in estimation of less than Imm alveolar 
bone changes. 


@ Diagnosis: 


<> Full-mouth periodontal screening and recording 
with a simplified probing technique is widely 
recommended. It should include probing 
depth, clinical attachment loss, bleeding on 
probing, plaque index/score, furcation 
involvement, suppuration, mobility, occlusal 
trauma, open contact areas and 
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radiographic interpretation of bone loss.All these 
parameters should be measured to establish 
anearly diagnosis of CP. 


Almost every etiology of the periodontal disease is 
influenced and modulated by immune responses of the 
host. Significantly less periodontal tissue destruction 
occurs when the host’s acquired immunity is absent or 
deficient when compared with that of the 
immunocompetent host. The presence of anti-collagen 
antibody production implies that autoimmunity plays a 
significant role in the pathogenesis and progression of adult 
periodontitis. 


Systemic effects of Periodontal Disease: 


The manifestation of periodontal disease is influenced by 
subject characteristics, social factors, behavioural factors 
like smoking, systemic factors, genetic makeup, tooth level 
factors, microbial composition of dental plaque and other 
emerging factors. Subjects with CP have a higher risk for 
cardiovascular and cerebrovascular disease, poor glycaemic 
control, anaemia and adverse outcome for pregnancy. 


Epidemiological studies and Definitions of 
Periodontitis: 


Epidemiological studies have been marred with differences 
in the definition of periodontitis and the selection of 
variables to measure hence making it difficult to compare 
and interpret their results. 


@ Chiappe et al. (1997) defined periodontitis as the 
subject having at least one site with loss of attachment 
22 mm. 


@ Van der Velden (2005) defined the presence of 
an inflamed pathological pocket 24mm deep in 
conjunction with attachment loss 


@ Laurell et al. (2003) used radiographs and defined 
periodontitis as bone loss set at 10% of root length 
which corresponded to at least 2—3mm of CAL. 


@ Amir S et al. (2009) showed in his review that the 
studies that were reviewed utilized a minimum 
diagnostic threshold defining periodontitis, at a given 
site in terms of CAL of 2mm and PPD of 3 mm. 
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Periodontitis (sensitive definition): Presence of 
proximal attachment loss of23 mm in two or more 
nonadjacentteeth.(Tonettiand Caffey,(2005),on behalf 


Periodontics & Oral Implantology 


Chronic Periodontitis \) 


of the European Workshop in Periodontology) 


@ Periodontitis (extensive definition): Presence of 
proximal attachment loss of 25 mm in 230% of teeth 
present. (Tonetti and Caffey, (2005), on behalf of the 
European Workshop in Periodontology.) 


@ Noperiodontitis: Noevidence of mild, moderate or 
severe periodontitis. (Page and Eke (2007), Eke et 
al. (2012) Centers for Disease Control — American 
Academy of Periodontology criteria.) 


@ Periodontitis Mild: at least two interproximal sites 
with clinical attachment loss 23 mm and at least two 
interproximal sites with probing depths 24 mm (not 
on the same tooth) ORone site with probing depth 
25 mm. (Page and Eke (2007), Eke et al. (2012) 
Centers for Disease Control — American Academy 
of Periodontology criteria.) 


@ Periodontitis Moderate: at least two interproximal 
sites with clinical attachment loss 24 mm (not on the 
same tooth) ORat least two interproximal sites with 
probing depths 25mm (not on the same tooth). 
(Page and Eke (2007), Eke et al. (2012) Centers for 
Disease Control — American Academy _ of 
Periodontology criteria.) 


@ Periodontitis Severe: at least two interproximal sites 
with clinical attachment loss 26 mm (not on the 
same tooth)ANDat least one interproximal site with 
probing depth25mm. (Page and Eke (2007), Eke et al. 
(2012) Centers for Disease Control — American 
Academy of Periodontology criteria.) 

It has been stressed that periodontitis cannot be reflected by 
measurements of only a single variable such as attachment 
loss or bone loss but required the additional measurements 
of BOP and pocket depth. 


Review Questions: 


Essay questions: 


|. Classify periodontitis. Describe the clinical features 
of chronic Periodontitis. 


Short notes: 
2. Describe the pathogenesis of Chronic Periodontitis. 


3. Describe the risk factors for Chronic Periodontitis. 


(iy 


Cc Clinical Periodontology Section - V 


Principal References and Suggested Further ¢ Heitz-Mayfield LJA, Lang NP. Comparative biology 
Reading: of chronic and aggressive periodontitis vs. peri- 


a implantitis. Periodontology 2000. 2010; 53: 167-181. 
@ Ali J, Pramod K, Tahir MA, Ansari SH. Autoimmune 


responses in periodontal diseases. Autoimmunity 
Reviews 2011; 10: 426-431. 


Armitage GC, Cullinan MP Seymour GJ. Comparative 
biology of chronic and aggressive periodontitis: 
introduction. Periodontology 2000. 2010; 53: 7-11. 


Armitage GC, Cullinan MP. Comparison of the clinical 
features of chronic and aggressive periodontitis. 
Periodontology 2000. 2010; 53:12-27. 


Armitage GC. Comparison of the microbiological 
features of chronic and aggressive periodontitis. 
Periodontology 2000. 2010; 53: 70-88. 


Jain K, Das SJ, Jain M. Comparison of red blood cell 
parameters in smokers and nonsmokers with chronic 
periodontitis.Journal of Investigative and Clinical 
Dentistry 201 3; 4: 84-88. 


Kebschull M, Guarnier P Demmer RT, Boulesteix 
AL, Pavlidis P. Papapanou PN. Molecular Differences 
between Chronic and Aggressive Periodontitis. } Dent 
Res 2013; 92: 12: 1081-88. 


Kinane DFAttstro m R.Advances in the pathogenesis 
of periodontitis consensus report of the fifth European 
Workshop in periodontology. | Clin Periodontol 2005; 
32 (Suppl. 6): 130-131. 


Brown LF. Determining risk factors for periodontal @ Kinane DF Causation and pathogenesis of periodontal 
diseases: a risky business? Ann Roy Australas Coll disease. Periodontology 2000. 2001; 25: 8-20. 
Dent Surg 2014; 22: 27-32 @ Newman et al., Carranza’s Clinical Periodontology, 
Cairo F Nieri M, Gori AM, Tonelli P Branchi R. |0/e, 2006, Saunders, St Louis, Missouri. 
Castellani Set al.Markers of systemic inflammation # Ryder MI. Comparison of neutrophil functions in 
in periodontal patients: chronic versus aggressive aggressive and chronic periodontitis. Periodontology 
periodontitis. An explorative cross-sectional study. 9000. 2010: 53: 124-137. 
Eur J Oral Implantol 2010;3(2):147-153. 
@ Smith M, Seymour G]}, Cullinan MP. Histopathological 

Deas DE, Mealey BL. Response of chronic and features of chronic and aggressive periodontitis. 
aggressive periodontitis to treatment. Periodontology Periodontology 2000. 2010; 53: 45-54. 
2000. 2010; 53: 154-166. 

. . @ Summary and Conclusions of the SBU report on 
Demmer RT, Papapanou PN. Epidemiologic patterns of Chronic periodontitis — Prevention, Diagnosis and 
chronic and aggressive periodontitis. Periodontology Treatment.A systematic review. ISBN: 91-87890-96-8 
2000. 2010; 53: 28-44. ¢ ISSN: 1400-1403 Report no: 169 Publication year: 
Ford Pj, Gamonal J, Seymour Gj. Immunological 2004 
differences and_ similarities between chronic @ Vandersall, D. (2007). Concise Encyclopedia of 
periodontitis and aggressive _— periodontitis. Periodontology (Ist ed.). Ames, lowa: Blackwell 
Periodontology 2000. 2010; 53: | 11-123. Munksgaard. 
Glossary of Periodontal Terms, 4th Edn, The American # Soares PB, Fernandes Neto AJ, Magalhaes D, Versluis 


Academy of Periodontology, 200 | 


A, Soares CJ. Effect of bone loss simulation and 
periodontal splinting on bone strain: Periodontal 
splints and bone strain. Arch Oral Biol. 2011 
5396(11):1373-81. 


Periodontics & Oral Implantology 







GaN bai 





bel Berwlevcleyer 


Chapter Outline: 


¢ Definitions and Terminology 
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— Tooth Anatomic Factors 
— Furcation Anatomy-Multi rooted teeth 
¢ Faulty Dental Restoration/Appliances: latrogenic Factors 
— Margins of restoration - Overhanging margins/restorations 
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¢ Food Impaction 
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— Signs and symptoms 
— Sequel of food impaction 
— Malocclusion 
¢ Habits 
— Mouth breathing (and lack of lip seal) 


Until a few decades earlier we considered all individuals to 
be more or less equally susceptible to severe periodontitis 
and that gingivitis usually progressed to periodontitis with 
consequent loss of bone support and eventually loss of 
teeth. Since then an enormous change has taken place 
in the available literature and our understanding. We no 
longer consider the linear model to be correct, and we 
acknowledge that all individuals are not equally susceptible, 
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¢ Tongue thrusting 
e Bruxism 
¢ Clenching 
¢ Toothbrush trauma 
— Acute toothbrush trauma 
— Chronic toothbrush trauma 
— Floss trauma 
¢ Chemical irritation 
e Radiation 
e Frenal attachments 
¢ Root fractures 
e Cemental tears 
¢ Cervical root resorption 
e Systemic Risk Factors In Periodontal Disease 
— Diabetes mellitus 
Use of tobacco 
— Age 
— Race-ethnicity 
¢ Sexual predilection 
— Male gender 
e Socio-economic status 
e Review Questions 
— Essay Questions 
— Short notes 
¢ Principal Sources and Suggested Further Reading 


and gingivitis always does not progress to periodontitis. 
Hence, there is a need to know the risk factors leading to 
better understanding of the causation and help the clinicians 
develop treatment protocols for their daily practice. 


Bacterial plaque is the prime etiological factor causing 
periodontal diseases in a susceptible host. In addition, to 
bacterial plaque, various environmental factors, and genetic 
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makeup may increase the risk of periodontal disease or 
modify its course. 


Gingivitis and periodontitis are chronic inflammatory 
diseases, which are influenced by socioeconomic factors, 
smoking, hormones, diabetes, drugs and systemic diseases. 


DEFINITIONS AND TERMINOLOGY: 


Risk factor-“is any attribute, characteristic or exposure 
of an_ individual that increases the likelihood of 
developing a disease or injury’. (WWHO) 


Risk factor - An aspect of personal behavior or 
lifestyle, an environmental exposure, or an_ inherited 
characteristic, which on the basis of epidemiologic 
evidence is known to be associated with a health-related 
condition. 


Risk factor- “any characteristic, behavior, or an 
exposure with an association to a particular disease. The 
relationship is not necessarily causal in nature” Garcia, 
Nunn, Dietrich, 2009 


RISK 
FACTORS 





RISK 
INDICATORS 
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Risk factor- Patient characteristics or factors 
associated with an increased probability of developing a 


condition or disease in the first place. (Clinical 
Epidemiology Glossary) They are associations that 
are identified through longitudinal and interventional 
studies. 


RISK FACTOR- The characteristics of individuals that 
place them at increased risk for getting a disease. 


Risk- “the probability that an event will occur in the 
future, or the probability that an individual develops a given 
disease or experiences a change in health status during a 
specified interval of time’. (Kleinbaum et al.) 


RISK- The likelihood that a person will get a disease in a 
specified time period. 


RISK INDICATORS/RISK DETERMINANTS- 
Probable or putative risk factors that have been 
identified in case-control studies or prospective studies 
but not confirmed through longitudinal studies have been 
referred to as risk determinants, risk indicators, or risk 
markers.(Albandar) Only a few of the risk indicators may 
be true risk factors possessing a causal relationship with 
the initiation and/or progression of attachment loss. 


RISK 
PREDICTORS 





Fig 23-1: Risk factors, risk indicators and risk predictors for periodontitis. 


Y 


Periodontics & Oral Implantology 


Chapter 23 


Role of Risk Factors in Periodontal Disease 


The presence of a risk factor increases the probability of disease. Local and Systemic factors modify the disease 


process. 


PERIODONTAL 
RISK FACTORS 


Based 
on 
their 
nature. 


Can be 
modified 


Non- 


Modifiable 


Cannot be 
modified 
easily 


Local risk 
factors: 


Based 
On 
their 
origin 
Systemic 
risk factor: 
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Modifiable: 


Extrinsic (Environmental or 
Behavioral) 


¢ Smoking, poorly controlled Diabetes Miletus. 


Intrinsic 


* Race, Genetics. 


Tooth anatomic factors: Multi rooted 
teeth (Furcation, root trunck length, 
size of furcation enterance, 
bifurcation ridges, root concavities, 
cervical enamel projection, enamel 
pearls), Root fractures. 

latrogenic factors: Quality of dental 
restorations, restoration margins 


Other factors: Dental calculus 
formation, dental caries lesions 
near gingival tissue, trauma from 
occlusion and oral hygiene pattern. 


Diabetes 


Genetic factors. 
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Local Risk Factors: It was first described by Everett. 
ms ae It is common on the first molar. 
Developmental or acquired deformities and conditions. = nen OW esiroenoN 
A. Localized tooth related factors that modify or # It hinders successful plaque control and root 
predispose to plaque-induced gingival diseases / prepareron, 
periodontitis. @ It may lead to failure of periodontal therapy in 
|. Tooth anatomic factors furcation involved teeth. 
2. Dental restorations/appliances Palato-gingival groove/Palato-gingival groove: 
3. Root fractures It is a development groove, a common anomaly in maxillary 
4. Cervical root resorption and cemental tears. lateral incisors. 
(Classification of Periodontal Disease and Conditions: ¢ Extent and location: They begin in the central fossa or 


Annals of Periodontol/ Armitage- 1999) 





The local contributing factors are described here in three 
groups 
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Fig 23-2: Interaction of various risk factors 


TOOTH ANATOMIC FACTORS: 


A number of morphological variations of the tooth 
contribute to the increased risk of development of 
plaque-induced periodontal diseases and compromise the 
prognosis after the treatment. They are as follows: 


Furcation Anatomy-Multi rooted teeth: 


Intermediate bifurcation ridge: 


It is a convex excrescence of cementum that primarily 
consists of cementum, connecting the mesial and distal 
roots of a mandibular molar. 





across the cingulum, extend varying distances apically. 
They are located in the midpalatal or mesial or distal 
regions of the tooth. 


@ They provide funnel-like areas for plaque retention. 


Periodontal probing is advised for patients with 
palato-gingival grooves. 


Deep, isolated “tubular-shaped” periodontal pockets 
with Intra bony defects. They may bleed and 
suppurate. 


On radiographs, they appear as dark lines parallel or 
imposed on the root canal. These lines are termed as 
‘“‘parapulpal lines”. 


They are related to the incidence of localized 
periodontitis with or without pulpal pathosis, 
depending on the depth, extent, and complexity of 
the groove. 


Root planing, odontoplasty, and periodontal 
regenerative therapy along with endodontic therapy, 
when required, is the sound treatment option. 





Fig. 23.3 Palato-gingival groove 
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Root proximity: 


Roots that are in proximity have a thin interdental alveolar 
bone. 


@ Closely approximated roots are associated with 
horizontal bone loss. 


@ Roots with close proximity pose difficulty in plaque 
control and periodontal instrumentation 


@ Closely approximated roots are related to poorer 
prognosis. 
Furcation entrance diameter: 


There was a lack of correlation between furcation entrance 
diameter and mesiodistal width at the cementoenamel 
junction in the first molar teeth examined indicating that 
large teeth do not necessarily have large furcation entrance 
diameters. 


Root concavities: 


The proximal surfaces of the roots adjacent to the furcations 
of permanent first molars frequently have plaque-harboring 


CLASSIFICATION Grade 0 - No CEP; 
OF CERVICAL 
ENAMEL 
PROJECTION 
(CEP) (Master 
and Hoskins) 


Role of Risk Factors in Periodontal Disease 


concavities, especially the mesial root of mandibular molars. 
These concavities can exceed | mm in depth and are 
covered by a thicker layer of cementum, than the adjacent 
root convexities. This may allow bacterial plaque, its toxins, 
and ultimately calculus to penetrate farther into the root 
surface complicating their removal. 


Cervical enamel projections: 


ENAMEL PROJECTION: An apical 
enamel, usually toward a 
Periodontal Terms, 2001) 


extension of 
furcation.(Glossary _ of 


The cervical enamel projection (CEP) is defined as a 
dipping of enamel from the cementoenamel junction 
towards and often into the furcation area. 


Goldstein described these areas as “locus minori resistente’’. The 
connective tissue usually attaches to the cementum. This is not 
possible in such anomalies due to the presence of the enamel. 
These areas with attached junctional epithelium could be less 
resistant to plaque-associated inflammation, and this could lead 
to furcation defects. 


Grade | - Discrete extension of cementoenamel junction toward the furcation; 


Grade II - CEP is closer to furcation, but without invasion. 


Grade Ill - Enamel progresses into the furcation area. 


Bifurcation ridges: 


Two types of bifurcation ridges (BR) have been described: 
Intermediate and buccal/ lingual ridges. Intermediate bifurcation 
ridges connect the mesial and distal roots and are composed 
primarily of cementum. Buccal and lingual ridges are composed 
primarily of dentine with overlying thin layers of cementum. 
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Enamel pearls: 


ENAMEL PEARL: A small, focal mass of enamel formed 
apical to the cementoenamel junction.(Glossary of periodontal 
terms, 2001) 

The prevalence of enamel pearls is less than that of CEP These 
are ectopic enamel structures seen in the furcation areas of 
molars. 
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Fig. 23.4 Clinical picture showing dental anomaly that can act 
as a local risk factor 


latrogenic: An abnormal mental or physical condition 
induced in a patient by the effects of treatment.(Glossary 
of Periodontal Terms, 2001) 


latrogenic Factors are inadequate dental procedures that 
contribute to the deterioration of periodontal tissues. They 
vary from faulty dental restorations to improper placement 
of orthodontic bands and appliances. They can increase the 
risk of periodontal infections and breakdown. 


Many characteristics of dental restorations, design and shape 
of the partial denture are important from a periodontal 
viewpoint. They are summarised as follows: 


@ Restoration Margin. 
margins,Overhangs) 


(Subgingival margins, open 


@ Restoration Contour. 

@ Occlusion. 

@ Restoration Material. 

@ Design of Removable Partial Denture 


@ Restorative Procedure Themselves. 


Margins of restoration - Overhanging margins/ 
restorations: 


They are associated with gingival inflammation, periodontal 
pocketing and loss of attachment. This loss of attachment is 
proportionate to the amount of overhang and its proximity 
with the alveolar bone. 


It may be an overhanging restoration, an excess flash of 
luting material or inadequate marginal fit. 
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It contributes to periodontal disease by 
Plaque retention: 


@ Provide a plaque retentive area (niche for increased 
accumulation of plaque). 


@ It makes patient and professionally administered 
plaque removal unattainable. 


@ Alters the microbial ecology from healthy gram- 
positive flora to gram-negative anaerobic organisms. 


Sequel: 

Evident Gingival inflammation. 
Periodontal tissue loss. 
Treatment: 


Replacement of the faulty restoration. 
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Correction of the overhang using polishing strips, 
curettes, scalers (manual/sonic/ ultrasonic) or rotary 
burs (diamonds/finishing). 
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Fig. 23.5 Faulty Crown margins leading to plaque 
retention and progressive Periodontitis 


Location of the margin: 


Based on the location of the apical margin of a restoration 
in relation to the location and health of the periodontium 
they can be described as follows 


a. Supragingival margin/restoration: The margins of 
the restoration are coronal to the gingival margin. 
They behave akin to the tooth surface,i.e., do not 
contribute to periodontal disease. 
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b. Subgingival margin/restoration: The margins of the 
restoration are apical to the margin of the free gingiva. 
It generally leads to increased plaque accumulation 
and is associated with gingival inflammation. If the 
margin of the restoration does not allow adequate 
space for the attachment apparatus and violates the 
biologic width, it can lead to 


<> Circumferential marginal gingival inflammation- 
dull blue/deep red colour of the gingival margin. 


<> Oedematous free marginal gingiva and adjacent 
areas. 


<> Recession. 
<> Exposed restoration margin. 


c. Intracrevicular margin/restoration: The apical margins 
should not violate biologic width and minimal entry 
(of up to 0.5 to Imm) apical to the gingival margin. 


Contour of restoration: 


Crowns and restorations that lack proper shape and fail 
to mimic the normal anatomy tend to accumulate plaque 
and possibly prevent the self-cleansing mechanism of the 
adjacent cheek, lips, and tongue. 


Occlusion: 


lf the restoration placed alters the existing occlusal pattern, 
it causes occlusal disharmonies. This may lead to trauma 
from occlusion. 


Restorative materials: 


Restorative materials are not by themselves injurious to 
periodontium except self-cure acrylics. In people whom 
nickel can cause allergy, nickel-containing restorations/ 
materials use should be avoided. 


Design of removable partial denture: 


@ Plaque retention: Removable partial dentures 
facilitated the accumulation of plaque leading to the 
mobility of abutment teeth, gingival inflammation and 
increased periodontal pocket formation. Proximal 
surfaces are commonly affected. 


@ Promote qualitative changes in plaque: With the use 


of removable partial dentures increased presence of 


spirochetes can be noticed. 
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Restorative Dentistry procedure: 


The use of 
@ Rubber dam clamps 
@ Copper bands, 
@ Matrix bands 
@ Retraction cords. 
@ Tooth preparation with subgingival margin all at least 


have a transient effect on the periodontium. 


Periodontal problems associated with 
orthodontic therapy: 


Orthodontic therapy may affect Periodontium by: 


Retention of plaque 


Irritation from orthodontic bands 


Tissue response to orthodontics forces 





Retention of plaque: 


@ Orthodontic appliances cause increased retention of 
plaque and food debris. 


@ They also causea qualitative change in the composition 
of plaque bacteria. 
@ There is a certain shift in the ecology of plaque from 


facultative aerobic organisms to increased incidence 
of periodontopathic bacteria. 





Fig. 23.6: Orthodontic brackets and wires increase 
plaque retention 
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Irritation from orthodontic bands: 
Components of Orthodontic appliances especially bands 
remain close to the marginal gingiva. 


@ They may lead to increased plaque accumulation. 


@ They, if placed improperly, may detach and impinge in 
the gingival sulcus. 

@ The excess cement from the cementation of the 
orthodontic band may enter in the gingival sulcus. 


Tissue response to orthodontic forces: 


Excessive orthodontic forces increase the risk of root 
resorption by many folds. 


Extraction of impacted third molar: 


Extraction of impacted third molars in individuals of more 
than 25 years age frequently results in the creation of 
vertical defects distal to the second molars. 


OTHER PREDISPOSING LOCAL FACTORS: 
FOOD IMPACTION: 


The forceful wedging of food into the interproximal space 
by chewing pressure (vertical impaction) or the forcing 
of food interproximally by tongue or cheek pressure 
(horizontal impaction). (Glossary of Periodontal Terms — 
2001) 


It is the forceful wedging of food into the Periodontium 
by occlusal forces or lateral pressure.It may occur inter- 
proximally or in relation to facial or lingual tooth surfaces. 


Etiology: 


Occlusal tooth wear 

Extrusion. 

Improper restoration. 

Open contacts/Loss of proximal support. 
Morphologic abnormalities. 


Lateral food impaction. 
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Excessive anterior overbite. 
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Classification: 


|. Vertical food impaction: 
Mechanism: 


¢ An intact, firm proximal contact relationship 
prevents the forceful wedging of food 
interproximally. 


@ The absence of contact or the presence of an 
unsatisfactory proximal relationship is conducive to 
food impaction. 


@ The normal contour of the occlusal surface and 
related developmental grooves normally deflect food 
away from interproximal spaces. 


@ As teeth wear down, flattened surfaces replace the 
normal convexities, the wedging effect of the 
opposing cusp into the interproximal space _ is 
increased and food impaction results. 


@ Plunger Cusps are cusps that tend to wedge 
food forcibly into the interproximal embrasures. 
(Carranza) 


Il. Lateral /horizontal tooth impaction: Food impaction 
caused by lateral pressure from the lips, cheeks, and 
tongue interproximally into the embrasures. 


Signs and symptoms: 
@ Feeling of pressure and urge to dig the material from 


between the teeth. 


@ A vague pain but deep radiating pain / sharp pain/ 
discomfort. 


Gingival inflammation, with bleeding. 
Altered/foul taste in the involved area. 
Gingival recession. 


Periodontal abscess formation. 
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Varying degrees of inflammatory involvement of the 
periodontal ligament, with an associated elevation 
of the tooth in the socket, prematurity in functional 
contact, and sensitivity to percussion. 


@ Destruction of alveolar bone. 
@ Root caries. 


@ Severe periodontal breakdown (long-standing food 
impaction) 
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Sequel of food impaction: 


Role of Risk Factors in Periodontal Disease 


Malocclusion: 


¢ Aggravation of existing periodontal problems. The effects of malocclusion on the aetiology and 


@ Severe Periodontal breakdown (long-standing food 


impaction) 


Unreplaced missing teeth: (Refer 
migration) 


Malalignment 


Malocclusion and 
eingival trauma 


Malocclusion and 
periodontium 





Fig. 23.7 Gingival traumatic recession due to Malocclusion 


pathogenesis of gingival and periodontal disease may 
vary significantly based on the nature and severity of 
malocclusion. They are summarised briefly as follows: 


pathologic tooth 


*Crowding: Difficulty in implementing oral hy giene measures. 
*Malposition/ Facially displaced teeth: Gingival recession and 
alveolar bone dehiscence. 








*May cause direct soft tissue trauma leading to gingival recession 
and tooth mobility. 


¢eg: a. Class II division 2 mal occlusion where maxillary incisors 
impinge on the mandibular labial gingiva. 


*b. severe cases of overbite. 
*This is generally seen in relation to the anterior teeth. 


¢occlusal disharmony may result in trauma from occlussion. 
*open bite: increased plaque accumulation. 


*open contacts: increased food impaction, pocket formation and 
loss of attachment. 

*buccally/lingually placed tooth/prominent roots commonly show 
recession. 

* Greater periodontal disease with mal occlusion. 
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Fig. 23.8 Gingival fenestration due to Deep bite 


HABITS: 


Habits of significance in the aetiology of periodontal disease 
have been classified by Sorrin as follows: 


@ Neuroses, such as lip biting, which lead to extra 
functional positioning of mandible; toothpick biting 
and wedging between teeth; tongue thrusting; 
fingernail biting; pencil/pen biting; and occlusal 
neurosis (bruxism, clenching and grinding). 


@ Occupational habits, such as the holding of nails in 
the mouth by cobblers or carpenters; thread biting; 
and pressure of a reed during the playing of certain 
musical instruments. 


@ Miscellaneous habits, such as pipe or cigarette 
smoking, tobacco chewing, incorrect method of tooth 
brushing, mouth breathing and thumb sucking. 


Mouth breathing (and lack of lip seal): 
Mouth breathing is the process of breathing primarily 
through the mouth instead of the nose. 

@ Area of Involvement: Maxillary anterior area. 


@ Mouth breathers tend to have dry, gingiva with a 
diffuse shiny surface which generally can be easily 
differentiated from the adjacent unexposed normal 
gingiva. 

@ Gingival inflammation in the anterior region is 
associated with mouth breathing. Gingivitis, gingival 
erythema, and gingival oedema can also be seen. 


@ Gingival enlargement. 
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@ Pathogenesis: Irritation from surface dehydration, by 
repeated wetting of gingiva. 


Tongue thrusting: 


TONGUE THRUST: The infantile pattern of the suckle- 
swallow movement in which the tongue is placed between 
the incisor teeth or alveolar ridges sometimes resulting in 
anterior open bite, deformation of the jaws, and abnormal 
function. (Glossary of Periodontal Terms, 2001) 


Tongue thrusting entails persistent, forceful wedging of 
the tongue against the teeth, particularly in the anterior 
region. 

@ It causes excessive lateral pressure. 

@ Pathologic tooth migration. 


<> Anterior tongue thrusting: Spreading of the 
anterior teeth and anterior open bite is seen. 


<> Posterior tongue thrusting: It causes spreading 
and tilting of the posterior teeth. 


@ It leads to open bite, plaque and food debris 
accumulation, and food impaction. 


Bruxism: 


BRUXISM (Tooth Grinding, Occlusal Neurosis): A habit 
of grinding, clenching, or clamping the teeth. The force 
SO generated may damage both tooth and attachment 
apparatus.(Glossary of Periodontal Terms — 2001) 


@ It is the clenching or grinding of teeth when the 
individual is not chewing or swallowing. 


@ It may lead to 
<> Tooth wear. 


<> Fractures of the teeth or dental restorations 
especially at the incisal/ occlusal surfaces or 


<> Muscle hypertrophy 


<> Excessive forces to the periodontium/Trauma 
from occlusion. 


@ Nocturnal bruxism — patients who do the habit in 
the night. 


@ Diurnal Bruxism — Bruxism in the daytime as well. 
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Clenching: 


lt is a type of bruxism that occurs as brief, rhythmic strong 
contractions of the jaw muscles during eccentric lateral 
jaw movements or in maximum intercuspation. 


Toothbrush trauma: 


Toothbrush trauma affects both dental hard and soft tissues. 
The gingival changes attributable to toothbrush trauma 
may be acute or chronic. 


Acute toothbrush trauma: 


It is generally seen with the use of new hard toothbrush. 
Changes that occur include: 


@ Gingival ulcer: Loss of the gingival epithelial surface 
with denudation of the underlying connective tissue 
leading to theformation of a painful gingival ulcer. 


@ Vesicles may be seen in traumatized areas. They are 
painful. 


@ Gingival abscess: Bristle of toothbrush forcibly 
embedded and retained in the gingiva is a common 
cause of the acute gingival abscess. 


Chronic toothbrush trauma: 


It results in: 
¢ Gingival recession. 
¢ “Piled-up” appearance of the gingival margin. 


¢ Tooth abrasion 


Floss trauma: 


Improper use and forcible thrusting of floss into the gingiva 
may cause lacerations of the interdental papilla or V-shaped 
notching in the gingiva. 


Chemical irritation: 


Chemical irritation of the gingiva can either be due to 
sensitivity to a chemical or as a non-specific tissue injury. 


@ Signs of acute inflammation may be seen as an injury 
on contact with chemicals. 


@ Strong mouthwashes, dentifrices, application of aspirin 
tablets to alleviate toothache, escharotic drugs and 
accidental contact with drugs such as formocresol, 
phenol or silver nitrate cause irritation to gingiva. 
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Radiation: 


Radiation is harmful even to the normal cells. Hence, a 


number of deleterious effects can be seen in mouth of 
patients who are irradiated in the head and neck region. 


@ Skin and oral mucosa: dermatitis and mucositis of the 
irradiated area. 


@ Salivary glands: Radiation induces atrophy of the 
salivary glands, leading to xerostomia and changes in 
the oral flora predisposing to dental caries. 


@ Muscles: Fibrosis and trismus of muscles. 


@ Jawbones: Bone after irradiation becomes poorly 
vascular and is at risk of osteoradionecrosis. 


@ Periodontium: Increased periodontal breakdown and 
tooth loss on the radiated side of the jaw. 


@ Professional maintenance and efficient oral hygiene 
measures are must. 


Frenal attachments: 


FRENULUM: A small band or fold of integument 


or mucous membrane that checks, curbs, or limits the 
movements of an organ or part.(Glossary of Periodontal 
Terms — 2001) 


ABNORMAL FRENUM: Aberrant insertions of labial, 
buccal, or lingual frenula capable of retracting gingival 
margins, creating diastemas, and limiting lip and tongue 
movements.(Glossary of Periodontal Terms — 2001) 


LABIAL FRENUM: The fold of mucous membrane 
connecting the lip and the alveolar process in the midline 
of both the maxilla and mandible.(Glossary of Periodontal 
Terms — 2001) 


LINGUAL FRENUM®M: The fold of mucous membrane 
connecting the tongue with the floor of the mouth and 
the mandibular alveolar process.(Glossary of Periodontal 
Terms — 2001) 


@ The labial frena is classified as follows (Mirko et al.) 


<> Mucosal — when the frenal fibers are attached up 
to mucogingival junction. 

<> Gingival — when fibres are inserted within 

attached gingiva. 

<> Papillary — when fibres are extending into 

interdental papilla 
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<> Papilla penetrating — when the frenal fibres cross 
the alveolar process and extend up to palatine 
papilla. 

Papillary and papilla penetrating frena are considered 
as pathological. They exert excessive tension on the 
gingival margins and hence are associated with 
<> Loss of interdental papilla. 
<> Gingival recession. 
<> Diastema. 
<> Difficulty in tooth brushing leading to local plaque 

retention. 
<> Malalignment of teeth. 
<> It may also prejudice the denture fit or retention 


<> In long run may lead to psychological disturbances 
to the individual. 


¢ Variations of the labial frenum may present as simple 
frenum with anodule, Simple frenum with appendix, 
Simple frenum with nichum, bifid labial frenum,and 
Persistent tectolabial frenum. Double frenum or as 
wider frenum. (Kakodkar et al.) 





Fig. 23.9 Aberrant maxillary frenum impeding toothbrushing 
Root fractures: 


Root fractures are associated with periodontal lesions. 
This is true especially with vertical root fractures, which 
cause severe periodontal inflammation and may imitate 
periodontal abscess with a concomitant loss of vitality due 
to necrosis of the pulp. 
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Cemental tears: 


A cemental tear is the piece of cementum often with 
some amount of dentine completely detached from the 
root surface with some remaining attachment with the 
periodontal ligament fibres. 


@ Etiology: Occlusal trauma or acute trauma. 
@ Occurrence: seen in old patients. 


@ Radiographs: radio opaque fragment seen in 


periodontal space. 


@ Clinical significance: Rapid and site-specific loss of 
periodontal bone, vertical bone defect. 


¢ Treatment: Surgical removal and debridement with 
regenerative therapy. 


Cervical root resorption: 


Root resorption alters the surface area of attachment. 
It also modifies the course of the periodontal disease 
and affects the treatment outcome. _ Effective 
periodontal disease management warrants identification 
of these risk factors, assessment of risk due to these 
factors and their treatment. 


SYSTEMIC RISK FACTORS IN PERIODONTAL 
DISEASE: 


Chronic gingivitis usually sets in by I0-20 days after 


cessation of tooth brushing. Studies have revealed that 
periodontal disease does not affect all the teeth, and there 
is a subject and site predilection in most cases. Periodontal 
disease has multiple risk factors like genetic, environmental, 
host and microbial factors. 


Though dental plaque is the initiating factor, periodontal 
disease progression is determined by the systemic factors. 
They influence the initiation and progression by modulating 
host defense. 


Diabetes mellitus: 

@ There is a direct relationship between diabetes 
mellitus and periodontal disease. 

@ It correlated positively with attachment loss. 


@ Diabetes mellitus and the level of metabolic control 
is an important modifying factor. 
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@ Diabetes is known to influence the 


composition and function. 


salivary 


@ Diabetics with severe periodontal disease are at 
higher risk for developing renal and cardiovascular 
complications. 


Osteoporosis: 


@ Oestrogen levels may influence the progression of 
periodontal disease in post-menopausal women. 


@ Menopause can lead to reduced bone density. 


@ The severity of osteopenia is related to loss of 
alveolar crest height and tooth loss. 


Similarly, osteoporosis can influence the progression 
of periodontal disease. 


HIV infection: 


@ HIV infection can be a modifier for periodontal 
disease. 


@ In HIV-positive patients, linear gingival erythema, 
necrotizing ulcerative gingivitis, severe localized 
periodontitis and severe destructive necrotizing 
stomatitis involving gingiva and bone similar to 
Noma. 


@ When CD4+ cell count is less than 200 cells/mm3, 
the more severe periodontal disease is noted with 
higher attachment loss. 


Use of tobacco: 


Scientific data have shown a frank relationship between the 
progression of periodontal disease and the use of tobacco 
in its various forms. 


Tobacco use, includes smoking of cigarettes, cigars and 
pipes, reverse smoking (smoking with the lit end inside 
the mouth), chewing of betel quid (a mixture of areca nut, 
slaked lime, and tobacco wrapped in betel leaf), and use of 
smokeless tobacco. Tobacco is chewed predominantly as an 
ingredient of betel quid or pan, which is a combination of 
betel leaf, arecanut, and lime. 

A specific type of gingivitis termed gingivitis toxica and 
characterised by destruction of the gingiva, and underlying 
bone has been attributed to the chewing of tobacco. 


Tobacco Smoking: 


@ The tobacco smoke alters normal homeostasis of the 
oral cavity, including the saliva’s antioxidant and other 
protective systems. 
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@ Smoking induces changes in the connective tissue 
and epithelia of oral mucosa before initiation of oral 
lesions. 


@ There is a positive association between smoking and 
clinical and radiographic signs of periodontitis. 


@ Increased risk of periodontitis in smokers 
though smoking may reduce inflammation by 
vasoconstriction, altered immune response, 


reduction in tissue edema and GCF 


@ Smokers had a higher prevalence of attachment loss 
and bone loss than non-smokers. 


@ Smokers had higher odds ratio for having severe bone 
loss than non-smokers. 


@ Smoking, age and plaque levels correlated with severe 
bone loss. 


@ Higher dosage increased the risk of disease. Severe 
disease noted in heavy smokers. 


@ Response to periodontal treatment was poor in 
smokers than non-smokers. 


Emotional stress: 


@ Stress is a contributing factor for necrotizing 
ulcerative gingivitis (NUG). 


@ Stress can lead to poor oral hygiene, smoking and 
impaired immune response. 


@ Stress can increase levels of corticosteroids. It can be 
a risk factor for periodontal disease. 


@ Emotional life events like divorce, mourning can give 
rise to the higher prevalence of periodontal disease. 


@ Psychosocial stress related to financial strain can be a 
risk indicator for periodontitis. 


@ Psychologically depressed patients who smoked and 
who had higher IgG levels to T. forsythia showed a 
severe bone loss. 


@ Higher levels of cytokines could be noted in stressed 
subjects. 


Hematologic disorders: 


@ Patients with histiocytosis syndromes had periodontal 
disease with punched out necrotic ulcers. 
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@ Patients with neutropenia, Agranulocytosis, 
chemotactic or phagocytic defects in neutrophils 
exhibit severe destruction of the periodontal disease. 


@ Leukemic patients also show severe periodontitis and 
gingival enlargement due to leukemic infiltrates. 


Medications: 


@ Anti-epileptic drugs like Phenytoin, Valproic acid, and 
Vigabatrin are correlated with gingival overgrowth. 


@ Calcium channel blockers like Nifedipine induce 
gingival overgrowth by increased secretion of 
ground substance by gingival fibroblasts during the 
inflammatory response. 


@ Cyclosporine, an immunosuppressive drug induces 
gingival overgrowth based on its serum concentration 
and amount of local factors. 


@ Steroids may induce periodontal disease by impairing 
collagen and mucopolysaccharide synthesis within 
bone and gingiva. 


Sex hormones: 


@ Elevated levels during pregnancy can modify the host 
response to dental plaque. 


@ There is also an increased ratio of anaerobes: aerobes 
in the plaque composition leading to increased gingival 
inflammation. 


@ There is also variation in gingival inflammation during 
various phases of the menstrual cycle and oral 
contraceptives. 


@ Puberty is also associated with gingival inflammation. 
This could be attributed to mixed dentition with 
erupting and exfoliating teeth acting as sites for 
plaque accumulation and varied hormone levels. 


Age: 


lt is questioned whether age in itself is a risk factor. The 
current understanding is that as periodontal disease is 
chronic, the destruction measured at any point in time 
indicates the cumulative loss over time. Hence,age is a 
good indicator of previous history of periodontal tissue 
loss, and it cannot be considered a risk factor. 
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Race-ethnicity: 


The available scientific literature suggests a_ racial 
predilection of periodontal diseases for blacks. This 
increased risk for periodontal disease in blacks may be due 
to the following: 
@ Biological predisposition. 
@ The prevalence of certain periodontitis-associated 
genotypes. 


@ Behavioral and lifestyle factors. 


Sexual predilection: 


Male gender: 


It is not clear if male gender is a risk factor. Males are 
more prone to have severe periodontal disease. This is 
considered to be a result of behavioral and environmental 
factors rather than the male gender in itself being a cause. 


Socio-economic status: 


It is a periodontal risk factor. Groups with low 
socioeconomic status (low income and/ or education) are 
at a higher risk of having periodontal diseases than groups 
with high socioeconomic status. The increased risk level 
in this group seems to be attributed to behavioral and 
environmental factors. 


Review Questions: 


Essay Questions: 


|. Define risk factors. Write in briefly about the risk 
factors for periodontal disease. 


Short notes: 
2. Cervical enamel projection. 
3. Cemental tears. 
4. Plunger cusp. 


5. Food impaction. 
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Chapter Outline: 


¢ Fat Soluble Vitamins 

— VitaminA 

— Vitamin D - calciferol 

— Vitamin E - a-tocopherol 

— Water-soluble vitamins 
— Vitamin BI- Thiamine 
— Vitamin B2 - Riboflavin 
— Vitamin B3 - Niacin 
— Vitamin B6 — Pyridoxine 
— Vitamin B9 - Folic acid 
— Vitamin B|2 — Cobalamin 
— Vitamin C - Ascorbic acid 


e Minerals 
— Calcium 
— Fluoride 


Vitamins and minerals are important to maintain a healthy 
mucosa. Nutrition has an important role in periodontal 
disease. They modulate gingival inflammation and alter host 
susceptibility. 


Vitamins are a group of organic nutrients required for a 
variety of biochemical functions and that generally cannot 
be synthesized by the body. Therefore, it has to be supplied 
in the diet. They are classified as water-soluble (folic acid, 
cobalamine, ascorbic acid, pyridoxine, thiamine, niacin, 
riboflavin, biotin, and pantothenic acid) and fat-soluble 
vitamins (vitamins A, D, E, K). 


Minerals of relevance to the oral mucosa are calcium, 
fluoride, iron, and zinc. The turnover of mucosal cells is 
very rapid (3-7 days). Hence, oral mucosa may show early 
signs and symptoms of nutritional deficiencies. 
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FAT SOLUBLE VITAMINS: 


Vitamin A: 


Vitamin A is a collective term used to denote several 
related biologically active molecules which are retinoids. 
Vitamin A is a component of visual pigments in retina. It 
maintains the health of epithelial cells, helps in reproduction 
and promotion of growth. It helps to maintain epithelium, 
prevention of infections. It is vital for growth of bones and 
teeth. 


Its deficiency can occur in patients with malabsorption, 
fat absorption disorders like celiac sprue and short-bowel 
syndrome. 


Vitamin A deficiency leads to night blindness, xerophthalmia 
and keratinisation of skin. Hyperplasia and hyperkeratosis 
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of gingiva and increased tendency for pocket formation is 
seen in Vitamin A deficient animals. 

VitaminA toxicity can also occur. It shows cheilitis, gingivitis, 
carotenemia and impaired healing. 

Vitamin D - calciferol: 

The main function of vitamin D is calcium absorption from 
intestines and its serum homeostasis. 


Patients at risk are elderly, multiple pregnancies and 
low-birth-weight infants. Its deficiency leads to rickets in 
children and osteomalacia in adults. 


Deficiency may increase the chances of attachment loss in 
periodontium. 


In dogs, vitamin D deficiency causes 
¢ Osteoporosis of alveolar bone. 
@ Osteoid does not resorb. 
@ Improper cementum mineralization. 


@ Decreased width of periodontal ligament. 


Vitamin E - a-tocopherol: 


lt is an antioxidant. In rats, the presence of systemic 
vitamin E helps in gingival wound healing. Dietary 
deficiency of vitamin E in humans is unknown. Such 
patients may be at high risk of developing cancer. 


WATER-SOLUBLE VITAMINS: 


B-COMPLEX (Thiamine (BI), Riboflavin (B2), Niacin, 
Pyridoxine (B6), Biotin, Folic acid, and Cobalamine (BI 2): 


Vitamin BI- Thiamine: 


Thiamine plays a_ significant role in carbohydrate 


metabolism, conversion into fats and energy production 
from aminoacids, fats, and carbohydrates. This deficiency 
can occur in alcoholics, chronically ill patients under 
parenteral feeding, women with prolonged hyperemesis 
gravidarum and anorexics. Its deficiency causes beriberi 
not 
have specific oral manifestations. Herpes like lesions are 


and Wernicke-Korsakoff syndrome, but it does 


seen on tongue and oral mucosa in some patients. 
Vitamin B2 - Riboflavin: 


Riboflavin is a crucial member of coenzymes. Its deficiency 
is not fatal. It is characterized by glossitis, angular cheilitis, 
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stomatitis and seborrhoeic dermatitis. There is a risk of 
edema in pharynx and oral mucosa. 


Vitamin B3 - Niacin: 


Niacin is involved in cell repair and as a coenzyme in tissue 
respiration and glycolysis. Its deficiency can be seen in 
alcoholics, patients with congenital defects of intestines/ 
kidneys that affect tryptophan absorption. 


Deficiency of niacin causes pellagra, a disease involving the 
skin, gastrointestinal tract, and CNS. It progresses through 
the 3-Ds, ‘Dermatitis, diarrhoea, dementia” and if untreated, 
may lead to death. 


The clinical features of niacin deficiency are areas of gingival 
erythema/ necrotising ulcerative gingivitis (NUG), bright 
red glossitis, burning mouth/ stomatitis, and dental caries. 


Vitamin B6 — Pyridoxine: 


It is involved in carbohydrate, fat and protein metabolism. 
lt helps to convert tryptophan to niacin, synthesis of heme 
and neurotransmitters. 


Deficiency occurs in alcoholics and patients under Isoniazid, 
L-dopa, penicillamine and cycloserine. 


Clinical features include glossitis, cheilitis, and gingival 
erythema 


Vitamin B9 - Folic acid: 


It helps in DNA synthesis and plays a critical role in tissues 
with rapid turnover rate like mucosa and bone marrow. It 
is associated with vitamin BI 2. 


It is one of the most common vitamin deficiencies especially 
among pregnant women, elderly, alcoholics, patients under 
methotrexate and phenytoin. 


Deficiency causes megaloblastic macrocytic anaemia 
accompanied with gastrointestinal tract lesions, diarrheoa, 
and intestinal malabsorption. Oral signs include burning 
of tongue and oral mucosa, red and swollen tongue along 
with angular cheilitis. 


Folic acid-deficient animals show necrosis of gingiva, 
periodontal ligament and alveolar bone’ without 
inflammation. 


Low serum folate level is associated with increased risk for 
periodontal disease in elder dentate persons. 


Vitamin BI2 — Cobalamin: 


It is also vital for DNA synthesis. 
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Its deficiency can occur in elderly, vegetarians and those 
with resected stomach or ileum. 


Clinical features include pernicious anemia and 
megaloblastic anemia. Oral findings include red, atrophic, 
beefy, burning tongue. 


Deficiency of Vitamin BI 2, folic acid and iron is associated 
with recurrent Aphthous stomatitis. 


Vitamin C - Ascorbic acid: 


Vitamin C is required to maintain normal connective tissue 
dynamics, collagen formation, wound healing and intestinal 
absorption of iron. It acts as a water-soluble antioxidant. 


High-risk patients are alcoholics, people who do not 
consume fruits/vegetables, elderly and infants feeding only 
on cow's milk. 


Its deficiency causes Scurvy. Skin changes, fragility of blood 
vessels, bone fractures, bleeding gums, swollen gums and 
loosened teeth are all features of scurvy. 


Smokers with vitamin C deficiency are at high risk of 
developing periodontal disease. Oral findings include 
enlarged blue or red gingiva, gingival bleeding, swollen 
gingiva, and infections. It can also cause tooth mobility 


Vitamin C deficiency causes 
¢ Decreased ability for repair/impaired gingival healing. 


@ Decreased bone formation and repair/osteoporosis 
of alveolar bone. 


@ Increased epithelial permeability. 


@ Loss of integrity of microvasculature /oedema and 
haemorrhage in periodontal ligament. 


@ Decreased chemotaxis. 
@ Changed plaque ecology. 


Vitamin C deficiency alone does not cause gingivitis or 
periodontal destruction it aggravates the gingival response 
to plaque. 


Minerals: 


Calcium: 


lt is a major component of teeth and bones. Premature 
infants and renal impaired patients are at high risk for 
calcium deficiency. 
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Low calcium intake is at increased risk for periodontal 
disease. Evidence suggest that increased calcium intake 
reduces the risk of periodontal disease and tooth loss. 


Vitamin D, calcium, and magnesium are related nutrients. 
Magnesium is a physiologic calcium antagonist. 


Fluoride: 


Fluoride reduces enamel solubility and increases resistance 
to demineralization. Deficiency of fluoride does not affect 
the mucosa but increases the incidence of dental caries. 
Toxicity of fluoride leads to mottling of enamel ranging 
from mild, white flecks to severe brown stains, pitting of 
enamel and loss of tooth structure. 


Iron: 


It is important for many bodily functions. It is critical for 
oxygen transport as a part of haemoglobin. It is vital for 
ATP production, normal immunity and as a cofactor with 
vitamin C for collagen production. 


High-risk patients include pregnant women, patients 
with unusual blood loss, malabsorption disorders, higher 
consumption of coffee, tea, phytates, and oxalates. 


Oral manifestations of iron deficiency anaemia include 
atrophy of papillae of tongue, burning and erythema of 
tongue, angular stomatitis, dysphagia and pallor of oral 
mucosa. It predisposes rats to caries. lt may be associated 
with recurrent aphthous ulcers. 

iron 


Plummer-Vinson associated with 


deficiency. 


syndrome _is 


Zinc: 


lt is a cofactor for enzymes responsible for cell growth, 
reproduction, normal immunity, metabolism, synthesis of 
collagen, stabilizing DNA and RNA. 


High-risk patients include pregnant women, elderly, vegans, 
alcoholics, diabetics, HIV/AIDS, inflammatory bowel disease 
and sickle cell disease. Excessive consumption of calcium, 
iron, copper, fiber, phytates and phosphates interfere with 
zinc absorption. 


Oral manifestations of zinc deficiency include alterations in 
lingual epithelium, flattening of filiform papillae, ulcers, and 
xerostomia. There is impaired wound healing, altered taste 
and loss of appetite leading to malnutrition. Secondary 
infections with candida or Staphylococci is also possible. 


Y 


(Clinical Periodontology 
Polyunsaturated Fatty Acids (PUFA): 


PUFA includes both n-3 and n-6 fatty acids. These dietary 
nutrients influence the inflammatory response. They are 
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), 
linolenic acid (LNA) and gamma-linolenic acid (GLA). 
They are responsible for cell integrity, and regulation 
of cell signals. 


The risk for incidence and progression of periodontal 
disease is reduced with higher intake of DHA and EPA. 
DHA has an anti-inflammatory effect by interfering with 
IL-1 signals and COX-2 induction in endothelial cells. 
EPA lowers the level of arachidonic acid and competes in 
inflammatory pathways controlling the outcome. 


Omega-3 fatty acids are rich in seafood. Older adults who 
consume more of seafood retained more teeth than those 
who consumed less. Thus, these fatty acids can 
control periodontal disease. Serum levels of C-reactive 
protein is inversely related to PUFA intake. 


There is a complex interrelationship between diet, 
inflammation and chronic diseases like periodontal disease. 
Diet rich in n-6 fatty acids (Arachidonic acid) can promote 
inflammation and increase the risk of chronic diseases. 
Hence, the ratio of n6:n3 fatty acids in the diet determine 
the disease progression. 


Polyphenols (PP): 


They are plant metabolites including hydrolysable 
tannins, lignans, stilbenes and flavonoids. PPs are common 
whenever vegetables and fruits are consumed. The 
antioxidant capacity of plasma is based on the amount of 
PPs. 


Spinach, broccoli, pepper, olives, strawberry and 
blackberry, beans, avocados, kiwi, dark (high cocoa) 
chocolate, artichoke, have high antioxidant capacity. They 
neutralize free radicals, chelate metal ions in aqueous 
solutions and bind proteins. 


These phenolic acids are antimicrobials and_ their 
concentration rise after infection. They can alter cell 
permeability, cell binding, denature proteins and act 
against enzymes. They have actions against HIV, 
influenza and CMV. 


Tannins can inhibit digestive enzymes and affect general 
metabolism. Salivary tannin-binding proteins include PRPs 
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and histatins that bind with tannins. They form complexes 
and prevent its interaction with GIT. 


PPs are in highest concentration in the oral cavity. They 
have a potential preventive action against oral cancer, dental 
caries, and periodontal disease. 


Holding green or black tea increases the antioxidant 
capacity of saliva. Daily consumption of two fresh grape 
fruits for 2 weeks improved the phagocytic capacity of 
PMNs in GCF. 


Cranberry PPs prevent biofilm formation with Pgingivalis 
and F. nucleatum. They also reduce PGE2 production induced 
by periodontal pathogens. 


Dairy products: 


Dairy products are the main food source of calcium. 


Individuals with the highest quintile of dairy intake (4.7 
servings/day) had 20% lower odds of having periodontitis 
than those with the lowest quintile of intake (0.2 servings/ 


day). 
Role of diet: 


A high-fiber diet can improve glucose control after a meal, 
systemic inflammation and deregulate adipocytokines. 


Kondo et al. reported that intervention with a high-fiber, 
low-fat diet for 8 weeks, lead to improvement in periodontal 
disease markers and also reduced body weight. There was 
reduction of serum CRP levels. 


Jenzsch et al. reported that wholesome nutritional 
intervention for 12 months reduced the clinical probing 
depth and gingivitis in patients with metabolic syndrome 
and chronic periodontitis. However, Javid et al did not 
find any improvement with dietary modifications. 


Never a nutritional deficiency can by itself cause gingivitis 
or periodontitis. However, a number of studies suggest 
that a wide variety of dietary components, including 
macronutrients and micronutrients, are integral for 
optimal periodontal health. Thay also have the potential to 
accelerate oral wound healing after periodontal procedure. 
Weakened soft tissues are vulnerable to pathogens or 
external insult. 


There is a predisposition of such deficiencies in people with 
absorption disorders, lifestyle, diet quality, eating disorders, 
psychological diseases, and alcohol and drug abuse. 
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Vitamin C, E, and carotenoids can modulate inflammation 
with their antioxidant effects. Reduced form of glutathione 
also modulates immune function. 


Eating disorders: 


Patients may be anorexic or bulimic in nature. Burning 
mouth is a complaint due to mucosal atrophy and glossitis. 
Erythema and erosions of soft palate may be due to trauma 
caused by intentional purging. 


Dental erosion due to acids from frequent vomiting can be 
noted. This can lead to dental sensitivity and pain. 


Enlarged salivary glands produce chubby cheeks. 
Obesity: 


It is a risk factor for periodontal disease in human studies. 
The increase in BMI and waist-to-hip ratio is associated 
with increased risk. 


Adipose tissue secretes leptin, IL-6, TNF-a, C3, 
angiotensinogen, and PAI-|. These molecules can stimulate 
formation of CRP and other acute phase proteins of 
inflammation. This can lead to a_hyper-inflammatory 
response in periodontal disease. 


Noma —- Cancrumoris: 


It is noted in conditions with extreme poverty where a 
treatable ulcer progressed to a painful, deadly state. It is 
still noted in developing nations and particularly in sub 
Saharan Africa. 


Highest incidence among | -4 years of age usually associated 
with Vitamin A deficiency and malnutrition (kwashiorkor). 


Early symptoms include bad breath, excessive salivation, 
lymphadenopathy, anaemia and other signs of malnutrition. 


Swelling ensues with black discoloration and a necrotic 
ulcer. The sloughed soft tissue exposes bone and teeth. 


Without treatment, it can progress to severe disfigurement, 
loss of function and even death. 


Nutrition and Oral health risks: 
@ Vegetarians and vegans — risk for vitamin BI2 


deficiency. 


@ Use of tobacco and illicit drugs — high tendency for 
dental caries and xerostomia — “Meth Mouth.’ 
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@ Alcoholics — can have alcoholic hepatitis leading 
to alcoholic cirrhosis — jaundice and thiamine 
deficiency. 


@ Diabetics — higher risk for caries, periodontal disease, 
delayed wound healing, xerostomia 


@ Elderly — obesity and under-nutrition are prevalent. 
Most patients show periodontal attachment loss. 


@ Edentulous patients -— denture wearers have 
compromised nutrition due to biting and chewing 
issues — lower vitamin intake 


@ HIV patients — painful burning sensation, dysphagia 
and susceptibility to other infections — need higher 
doses of vitamins. 


@ GIT disease — interferes with absorption of A, D, E, K, 
BI 2, Folic acid. 


Dietary recommendation: 


The recommendations of the 2011 European Workshop 
on Periodontology suggest that the dental team should 
consider including advice to all patients on increasing 
levels of fish oils, fiber, fruit and vegetables and to reduce 
levels of refined sugars as part of a periodontal prevention/ 
treatment regime and an overall health benefit. 


Review Questions: 


Essay Questions: 


|. Describe the role of nutrition 
diseases. 


in periodontal 


Short notes: 
2. Omega-3 fatty acids and periodontium. 


3. Vitamin C - Ascorbic acid and periodontium 


Principal References and Suggested Further 
Reading: 


@ Al-Zahrani MS. Increased Intake of Dairy Products 
Is Related to Lower Periodontitis Prevalence. | 
Periodontol 2006; 77(2):289-94. 


@ Iwasaki M, Taylor GW, Moynihan P, Yoshihara A, 
Muramatsu K,Watanabe R, Miyazaki H. Dietary ratio of 
n-6 to n-3 polyunsaturated fatty acids and periodontal 
disease in community-based older Japanese: a 3-year 


follow up study. Prostaglandins, Leukotrienes and 
Essential Fatty acids 2011; 85: 107-112. 


CY 


(Clinical Periodontology 


4 


lwasaki M, Yoshihara A, Moynihan P, Watanable R, 
Taylor GW, Miyazaki H. Longitudinal relationship 
between dietary omega-3 fatty acids and periodontal 
disease. Nutrition 2010; 26: | 105-1109. 


Kaye EK. N-3 fatty acid intake and periodontal 
disease. Journal of American Dietetic Association 
2010; 1 10:1 1: 1650-1652. 


Kondo K et al. A high-fiber, low-fat diet improves 
periodontal disease markers in high-risk subjects: a 
pilot study. Nutrition research 2014; 34: 491-498. 


Lau BY, Johnston BD, Fritz PC, Ward WE. Dietary 
Strategies to Optimize Wound Healing after 
Periodontal and Dental Implant Surgery:An Evidence- 
Based Review. The Open Dentistry Journal, 2013, 7, 
36-46 

Milward MR, Chapple ILC. The role of diet in 
periodontal disease. Dental Health 201 3;52.18-21 


Newman et al., Carranza’s Clinical Periodontology, 
|O/e, 2006, Saunders, St Louis, Missouri. 


Peeran SW, Abdulla KA, Mugrabi MH. Dietary 
micronutrients and periodontal health: An update. 
Dent Hypotheses 201 3; 4:108-9. 


Section - V 


Peeran SW, El Mugrabi MH, Al-Taher OB, Grain A, 
Alsaid FM, Naveen Kumar PG. Therapeutic role of 
dietary omega-3 fatty acids in periodontal disease. 
Univ Res J Dent 2014; 4:82-6. 


Petti S, Scully C. Polyphenols, oral health, and disease: 
a review. Journal of Dentistry 2009; 37: 413-423. 


Putten GJ, Vanobbergen J, Visschere LD, Schols J, Baat 
C.Association of some specific nutrient deficiencies 
with periodontal disease in elderly people:a systematic 
literature review. Nutrition 2009; 25: 71 7-722. 


Riley M. Incorrect nutrition as a risk factor for 
periodontal disease.Alpha Omegan2007; |00:85-8 


Ritchie CS, Kinane DF. Nutrition, inflammation and 
periodontal disease. Nutrition and Oral health. 2003; 
19: 475-476. 


Thomas DM, Mirowski GW. Nutrition and oral 


mucosal diseases. Clinics in Dermatology 2010; 28: 
426-43 |. 


Yu YH, Kuo HK, Lai YL. The association between 
serum folate levels and periodontal disease in older 
adults: data from the National Health and Nutrition 
Examination Survey (NHANES) 2001/02. J Am 
GeriatrSoc2007; 55:108-1 13. 


Periodontics & Oral Implantology 


CHAPTER 


Chapter Outline: 


¢ Definitions and Terminology 
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DEFINITIONS AND TERMINOLOGY: 


AGGRESSIVE PERIODONTITIS: A specific type of 
periodontitis with clearly identifiable clinical and laboratory 
findings that make it sufficiently different from chronic 
periodontitis, to warrant a _ separate classification. 
Aggressive periodontitis occurs in a patient who otherwise 
is clinical healthy (except for periodontal disease). 
Common features include rapid attachment loss and bone 
destruction, and familial aggregation. In addition, patients 
with aggressive periodontitis generally, but not universally, 
exhibit amounts of microbial deposits inconsistent with the 
severity of periodontal tissue destruction, phagocyte 
abnormalities, and elevated proportions of A. 
actinomycetemcomitans and, in some_ populations, P. 
gingivalis. (Glossary of Periodontal Terms -2001) 


AGGRESSIVE PERIODONTITIS: GENERALIZED 
FORM (Formerly Generalized Juvenile Periodontitis): 
In addition to the common features described above, 
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aggressive periodontitis usually affects persons under 30 
years of age, but may be older. Typically, there is 
generalized interproximal attachment loss affecting at 
least three teeth other than first molars and incisors, and 
there is a pronounced episodic nature of the destruction of 
attachment and alveolar bone. There also may be a poor 
serum antibody response to infecting agents. (Glossary of 
Periodontal Terms -2001) 

AGGRESSIVE PERIODONTITIS: LOCALIZED 
FORM (Formerly Localized Juvenile Periodontitis): 

In addition to the common features described above, 
typically there is circumpubertal onset, localized first 
molar/incisor presentation with interproximal attachment 
loss associated with at least two permanent teeth (one 
of which is a first molar) and involving no more than two 
teeth other than first molars and incisors. There usually 
is a robust serum antibody response to infecting agents. 
(Glossary of Periodontal Terms -2001) 

INCIPIENT AGGRESSIVE PERIODONTITIS: 
Individuals that had two or more first molars showing 
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atleast 4mm of clinical attachment loss and at least 3mm of 
probing pocket depth and radiographic evidence of alveolar 
bone loss. (deCarvalho et al. — 2009) 


Aetiology: The exact aetiology remains unclear. It is a 
complex disease determined by genetic trait and other 
environmental influences on the affected individual. 


Several genetic polymorphisms in IL-1, IL-4, IL-6, IL-10, TLR, 
TNFa, Fey Receptor, Vitamin D receptor, HLA, FMLP have 
been associated with increased risk. 


Genetic and inherited disorders like Leukocyte Adhesion 
Deficiency, Neutropenia, Chediak-Higashi Syndrome, Ehler- 
Danlos Syndrome, Papillon-Lefevre syndrome, Haim-Munk 
Syndrome, Hypophosphatasia, Trisomy 21, Prepubertal 
periodontitis, Kindler syndrome are also associated with 
aggressive periodontitis. 


Other causative factors include Aggregatibacter actinomy 
cetemcomitans and host response defects, neutrophil 
defects in adherence and chemotaxis, decreased number of 
several receptors for chemotactic factors, defects in signal 
transduction mechanism, phagocytosis and intracellular 
killing, resistance to antibiotics, smoking and stress, root 
abnormalities and viral infections like HSV, EBV and CMV. 


Higher levels of IgG2 against Aggregatibacter 
actinomycetemcomitans were detected in Aggressive 
Periodontitis and black subjects showed higher levels than 
white subjects. 


LOCALISED AGGRESSIVE PERIODONTITIS 
(formerly called as Localized juvenile periodontitis): 
Historical Background: 


¢ In 1923, Gottlieb first reported a disease that 
he called diffuse atrophy of alveolar bone. It 
was characterised by loss of collagen fibers in the 
periodontal ligament and extensive bone resorption, 
resulting in a widened periodontal ligament space. 
He later attributed it to the inhibition of continuous 
cementum formation and termed the disease Deep 
cementopathia. 


¢ Thoma and Goldman believed that the disease 
ageressive periodontitis was degenerative and 
not inflammatory and hence used the term 
“‘Paradontosis” 
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¢ In 1938, Wannenmacher for the first time 
described the inflammatory nature of the disease. He 
also described incisor-first molar involvement and 
called the disease parodontitis marginalis 
progressiva. 

¢ In 1942,Orban and Weinmann introduced the term 
periodontosis to describe Aggressive periodontitis. 

¢ In 1967 Chaput and colleagues and later in 
1969 Butlertermed the condition Juvenile 
periodontitis. 

¢ In 1989, the World Workshop in Clinical Periodontics 
used the term localised juvenile periodontitis, 
as a subset of its disease group “Early onset 
periodontitis’. 

¢ In 1999 International Workshop for Classification of 
Periodontal Disease organized by American 
Academy of Periodontology (AAP),it was renamed as 
Localised Aggressive Periodontitis (LAP). 

Epidemiology: 


Racial and sexual predilection: 


¢ The prevalence of LAP is around 0.1% in most of the 
studies. 


¢ Blacks are at much higher risk for LAP with black 
males having the highest risk for the disease. 


Clinical features: 


Age of onset: 
¢ Circumpubertal in onset. 
Plaque: 


¢ Minimal amount of plaque on the affected teeth, with 
no apparent relevance to the amount of periodontal 
destruction. This minimal amount of plaque present 
is less mature and generally does not mineralize to 
form calculus. 


Microbial flora: 


@ Elevated levels of 
actinomycetemcomitans, and_ in 
Porphyromonas gingivalis (Pg). 


¢ The Gram-negative A. actinomycetemcomitans _ is 
assumed to be the primary etiologic agent. Several 
studies on various adolescent populations have 
shown that the presence of A. actinomycetemcomitans 


Aggregatibacter 
some _ patients, 
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in the subgingival plaque significantly increases the 
risk for the colonized individuals for the initiation and 
progression of attachment loss. This correlation is 
further enhanced in the individuals that are carrying 
sub-types of the bacterium with an enhanced 
leukotoxicity. 


Disease progression: 


4 
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Rapid progression (Alveolar bone loss in aggressive 
periodontitis is 3 to 4 times rapid than the 
alveolar bone loss in chronic periodontitis) 


Robust serum antibody response to infecting agents. 


Clinical features include: 


@ Localised first molar/incisor presentation with 
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interproximal attachment loss on at least two 
permanent teeth, one of which is a first molar and 
involving no more than two teeth other than first 
molars and incisors. 


Gingiva: Lack of clinical inflammation - deep 
periodontal pockets. 


Pathological migration: 

<> Distolabial migration of maxillary incisors. 

<> Diastema formation. 

Progressive mobility of first molars and incisors. 
Root sensitivity. 

Pain: Deep, dull radiating pain during mastication. 


Food impaction. 
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@ Periodontal abscesses. 
@ Regional lymph node enlargement. 


The exact reason for the limitation of periodontal 
destruction to incisors/molars remains unknown. The 
following are the possible reasons 


@ Development of effective host defence: Body starts 


producing antibodies after the initial attack against 


Aggregatibacter actinomycetemcomitans thereby 
preventing colonization of other sites. 
Antagonistic bacteria:The colonization of the 


unaffected periodontal sites by bacteria antagonistic 
to Aggregatibacter actinomycetemcomitans may inhibit 
the spread of Aggregatibacter actinomycetemcomitans 
and thus localize the infection and consequent tissue 
destruction. 


Loss of antigenicity: Leukotoxic 
Aggregatibacter actinomycetemcomitans are the prime 
etiologic agent in localized aggressive periodontitis. 
AA may lose its leukotoxin-producing ability for 
unknown reasons, and thus the disease may remain 
localised. 


Denuded root surfaces: Gottlieb first put 
forward the concept of “cementopathia”. Root 
surfaces of teeth extracted from patients have 
shown large areas of cementum hypoplasia, and the 
absence of any reparative cementum. Hence, a 
possibility that cementum abnormalities in the 
localized incisor / molar may be the reason for the 
localized pattern of lesions. 
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Fig. 25.1 Full mouth radiographs showing bone loss in central incisors and first molars. 





Fig. 25.2 Clinical photographs showing Maxillary central incisors 
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Burn-out phenomenon: Aggressive periodontitis in its 
localised form undergoes an unexplained self-arresting 
progression of the disease process. This phenomenon 
is called “Burn-out phenomenon.’ 


Radiographic Features: 


¢ CLASSIC DIAGNOSTIC SIGN: Vertical loss of 
alveolar bone around Ist molar and incisors. 


@ Arch shaped alveolar bone loss: It extends from the 
distal surface of 2nd premolar to the mesial surface 
of 2nd molar.” 


Fig. 25.3 Clinical photographs showing Mandibular GENERALISED AGGRESSIVE PERIODONTITIS 


central incisors: 
ar 





Generalised aggressive periodontitis (consists 
of former generalized juvenile periodontitis and rapidly 
progressive periodontitis) - GAP 


Age: It usually affects persons under 30 years of age. 
Clinical features: 


¢ Generalized interproximal attachment loss 
affecting at least three teeth other than first 
molars and incisors 

@ Patients affected with GAP may have a poor serum 
antibody response to pathogens. 

@ The periodontal destruction is episodical with 
intermittent periods of advanced destruction followed 
by stages of quiescence. 

Fig. 25.4 Localized aggressive periodontitis (courtesy @ This cycle of destruction and quiescence is of variable 
Dr. El Hassan) duration. 





Gingival response- Generalised 
Aggressive Periodontitis 
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Fig 25.6: Generalized aggressive periodontitis 
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@ Systemic manifestations such as weight loss, mental 
depression, and general malaise can be noted in some 
patients. 


Radiographic features: 
@ Radiographs often show bone loss that has progressed 


since the previous evaluation. 


@ Severe/advanced bone loss associated with varying 
number of teeth while the remaining show no bone 
loss. 


Microbial flora: 
@ Small amounts of bacterial plaque associated with the 


affected teeth. 


¢ Amount of plaque is inconsistent with the amount of 
periodontal destruction. 


@ Porphyromonas gingivalis, Aggregatibacter 
actinomycetemcomitans, and JTannerella _ forsythia 
(Bacteroides forsythus) are frequently detected in the 
plaque. 


Prevalence and distribution by age and sex: 


@ Race/Ethinicity: Blacks >Whites. 
@ Sex Predilection (GAP): Males>females. 


Risk factors for Aggressive periodontitis: 


Microbiologic factors: Aggregatibacter actinomycetem- 
comitans is implicated as the prime pathogen. Highly 
leukotoxic strains of Aggregatibacter actinomycetem- 
comitans are considered the prime etiologic agent. 


@ Several specific microorganisms frequently are 


detected in patients with LAP - Aggregatibacter The 
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Genetic factors: 


Various studies have implicated a significant role of 
genetic factors in the pathogenesis of Aggressive 
periodontitis. It is supported by the following facts: 


@ Allindividuals are not equally susceptible toAggressive 
periodontitis. 


@ Some immunologic defects which are associated with 
Aggressive periodontitis may be inherited. 


@ Familial pattern of alveolar bone loss has been 
reported. 


SUMMARY: 


The following characteristics are common to patients with 


Aggressive periodontitis: 
@ Otherwise clinically healthy patient. (Land et al. 
1999) 


@ Rapid attachment loss and bone destruction. (Land 
et al., 1999) 


@ Familial aggression of diseased individuals. (Land et 
al., 1999) 
@ Average tooth loss ratio in Aggressive periodontitis is 


0.09 to 0.30 teeth per patient per year. LAP showed 
0.05 and GAP showed 0.14 tooth loss ratio. 


@ Limited disease progression in Aggressive 
periodontitis undergoing regular maintenance 
therapy. 


@ Progression of periodontal disease was the main 
reason for tooth loss followed by IL-| genotype and 
molar involvement. 


@ LAP showed less progression than GAP. 


following characteristics are common but not 


actinomycetemcomitans, Capnocytophaga sp., Eikenella universal: 


corrodens, Prevotella intermedia, and Campylobacter 


rectus. 
Immunological factors: 


@ Defective neutrophil functions: depressed neutrophil 
chemotaxis. 


@ Hyper-responsive phenotype of monocytes. 


(ey 


@ Amount of microbial deposits inconsistent with 
disease severity. 


@ Low caries level is a useful clinical feature in diagnosis 
of Aggressive periodontitis. 


@ Diseased sites infected with Aggregatibacter actinomy 
cetemcomitans. 


@ Abnormalities in phagocyte function. 


@ Hyper-responsive macrophages, producing increased 
PGE2 and IL-IB 
@ In some cases, self-arresting disease progression 
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GENERALISED AGGRESSIVE 


PERIODONTITIS 


Aggressive Periodontitis 





LOCALISED AGGRESSIVE 
PERIODONTITIS 





e Usually affecting subjects under 
30 years of age (however, patients 
may be older). 


e Generalised proximal attachment 
loss affecting at least three 
permanent teeth other than first 
molars and incisors. 


e Pronounced episodic nature of 
periodontal destruction 
(attachment and alveolar bone 
loss). 


e Poor serum antibody response to 
infecting agents. 


HISTOPATHOLOGY OF AGGRESSIVE 
PERIODONTITIS: 


¢ The stages in development of the aggressive 
periodontitis lesion are unknown. 


@ Fully developed lesion-aggressive periodontitis: 


<> Plasma cell-dominated inflammatory infiltrate in 
the connective tissue. 


<> Neutrophils migrating through the pocket-lining 
epithelium and forming a layer between the tissues 
and the plaque biofilm. 


@ The abundant plasma cells in the connective tissue 
and a significant increase in numbers of plasma cells 
as the severity of the lesion increased can be noted in 
both aggressive and chronic periodontitis. 


@ IgM and IgA levels are comparable with that of chronic 
periodontitis. 


@ This similarity in the histopathology has lead some 
to question if localised aggressive periodontitis 
represents a different entity with a genetic and /or 
epigenetic component and the chronic aggressive 
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e Circumpubertal onset of disease. 


e Localised first molar or incisor 
disease with proximal attachment 
loss on at least two permanent 
teeth, one of which is a first 
molar. 


e Robust serum antibody response 
to infecting agents. 


periodontitis being advanced chronic periodontitis 
in young individuals with extreme susceptibility. 
However, such claims need to be confirmed through 
rigorous studies. 


Treatment of Aggressive periodontitis: 


Conventional periodontal therapy: 
@ Scaling, Root planning and recall maintenance alone is 
not a conclusive. 
@ Surgical periodontal therapy: 


<> Resective periodontal therapy is used to eliminate 
periodontal pocket. 

<> Regenerative periodontal procedure may be of 
benefit in some cases. 

@ Antimicrobial therapy: Aggregatibacter actinomy 
cetemcomitans is found in tissues. Hence, antibiotics 
are used as adjuncts in the treatment of Aggressive 
periodontitis. 

Various regimens for LAP include: 
~~ Tetracycline 250mg x 4 times daily x 14 days every 
8 weeks. 
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< Tetracycline 250 mg x 4 times daily x 2 weeks. 

<> Amoxicillin and metronidazole 250 mg x 3 times 
daily x 8 days. 

<> Ciprofloxacin (250mg BID) and Metronidazole 
(500mg BID) for 7 days 


<> Ciprofloxacin (250mg BID) for 10 days 

< Amoxicillin and Clavulanic acid (500mg TID) for 
|4 days 

<> Doxycycline (100mg BID) for | day, (100mg OD) 
for 18 days 


<> Clindamycin (300mg QID) for 7 days 


<> Full-mouth disinfection: Full mouth debridement 
of plaque and calculus within a 24hours period, 
tongue brushing with chlorhexidine gel (1%) for 
| min, rinsing mouth with a chlorhexidine solution 
(0.2%) for 2minutes and irrigation of periodontal 
pockets with chlorhexidine solution (1%) 


@ Host modulation therapy: Use of sub anti-microbial 
doses of doxycycline may be beneficial and can be 
used as an adjunct in the treatment of periodontal 
therapy. 


@ Dental implants form an integral part of overall 
treatment plan. 

@ Recall and maintenance:The patient should be recalled 
every three weeks when the disease is in active 
phase and in other patients, it should be no longer 
than 3 months. 


@ Historically, if the involved teeth in LAP usually the 
Ist molars, have been extracted, uneventful healing 
ensues. Transplantation of developing 3rd molars to 
the sockets of previously extracted Ist molars has 
also been attempted. 


@ Inter-disciplinary approach with orthodontic therapy 
for pathologic tooth migration, periodontal therapy 
with regeneration techniques, prosthodontic 
rehabilitation and strict oral hygiene maintenance 
have all been tried with varying amount of success. 


Suggested case definintions for use in 
Periodontal epidemiology: 


Periodontitis, Aggressive: in subjects $25 years: At least 
two interproximal, non-adjacent sites in different teeth 
with clinical attachment loss 24 mm and bleeding on 
probing 
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Periodontitis, Aggressive: In subjects 26-35 year: at least 


two interproximal, non-adjacent sites in different teeth 
with clinical attachment loss 26 mm and bleeding on 


probing 
Periodontitis, Aggressive: In subjects 236 year: not 
defined. 
(Demmer and Papapanou (2010) suggested amendment 
Centers for Disease Control — American 


Review Questions: 


Essay Questions: 


|. Classify periodontitis. Describe the clinical features 
and management of Generalised aggressive 
periodontitis. 


2. What is Localized aggressive Periodontitis? Describe 
the etiology, clinical and radiographic features of 
localized aggressive periodontitis. 


Short notes: 


3. Briefly describe the risk factors for Aggressive 
periodontitis. 


4. Compare the histopathology ' of 
periodontitis with chronic periodontitis. 


aggressive 
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Necrotizing diseases of periodontium have a low prevalence. 


These conditions usually occur in patients with suppressed 
or compromised immune system. 


Necrotizing ulcerative gingivitis, necrotizing ulcerative 
periodontitis, and necrotizing stomatitis appear to be 
related to diminished host response and differ only in 
terms of tissue involved. They are characterized clinically 
by soft tissue ulceration and necrosis, profuse bleeding on 
provocation and pain. 


The 1999 classification of periodontal diseases has thus 
introduced a new category as necrotizing periodontal 
diseases and placed both necrotizing ulcerative gingivitis 
and necrotizing ulcerative periodontitis under this single 
category: 


Necrotizing periodontal diseases: 
A. Necrotizing ulcerative gingivitis (NUG) 
B. Necrotizing ulcerative periodontitis (NUP) 
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— Differential diagnosis 
— Treatment 
— Periodontal Necrosis by other factors 
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DEFINITIONS AND TERMINOLOGY: 


FUSIFORM: A descriptive term of bacterial cell 
morphology, referring to a spindle or cigar-shaped cell, such 
as is observed frequently for members of the genera 


Fusobacterium and Capnocytophaga.(Glossary of 
Periodontal Terms -2001 ) 

FUSOBACTERIUM NUCLEATUM: Gram- 
negative, non-motile, anaerobic, rod-shaped bacteria 
commonly associated with periodontal disease. 


(Glossary of Periodontal Terms -2001) 


FUSOBACTERIUM SSP.: Gram-negative, 
nonmotile, anaerobic, rod-shaped bacteria, frequently 
with’’sickle-shaped”” morphology, found as part of the 


indigenous flora of the oral cavity. (Glossary of 
Periodontal Terms -2001) 

FUSOSPIROCHETAL INFECTION: An _ infection 
characterized by a_- predominance of _ fusiforms 


and spirochetes. (Glossary of Periodontal Terms -2001 ) 
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NECROTIZING ULCERATIVE GINGIVITIS 
(NUG): An infection characterized by gingival necrosis 
presenting as “punched out’ papillae, with gingival 
bleeding and pain. Fetid breath and pseudomembrane 
formation may be secondary diagnostic features. 
Fusiform bacteria, Prevotella intermedia, and spirochetes have 
been associated with the lesion. Predisposing factors 
may include stress, poor diet, smoking, and HIV infection. 
(Glossary of Periodontal Terms -2001) 
NECROTIZING ULCERATIVE PERIODONTITIS 
is an acute infection that is defined by the presence of 
ulceration of one or more interdental papillae and loss of 
clinical attachment and alveolar bone. (Novak MJ 1999) 
NECROTIZING ULCERATIVE 
PERIODONTITIS: An_ infection characterized by 
necrosis of gingival tissues, periodontal ligament, and 


alveolar bone. These lesions are most commonly 
observed in individuals with systemic conditions 
including, but not limited to, HIV _ infection, 
malnutrition, | and  immunosuppression. (Glossary 


of Periodontal Terms -2001) 

PSEUDOMEMBRANE: A false membrane, such as is 
seen in necrotizing ulcerative periodontitis. (Glossary 
of Periodontal Terms -2001) 

TREPONEMA DENTICOLA: A long, thin, cork 
screw-like, | Gram-negative, anaerobic — spirochete 
that has been implicated as a possible etiologic agent 
of chronic periodontitis. The characteristic motility and 
morphology of this organism may be discerned by 
darkfield microscopy. (Glossary of Periodontal Terms 


-2001) 

VINCENT’S ANGINA: Painful membranous 
ulceration of the oropharynx and throat usually 
associated with necrotizing ulcerative periodontitis. 


(Glossary of Periodontal Terms -2001) 
ACUTE NECROTIZING ULCERATIVE GINGIVITIS: 


NECROTIZING ULCERATIVE GINGIVITIS(NUG) An 
infection characterized by gingival necrosis presenting as 
“punched out’ papillae, with gingival bleeding and pain. 
Fetid breath and pseudomembrane formation may be 
secondary diagnostic features. Fusiform bacteria, Prevotella 
intermedia, and spirochetes have been associated with 
the lesion. Predisposing factors may include stress, poor 
diet, smoking, and HIV _ infection.(Glossary — of 
Periodontal Terms -2001) 
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Predisposing factors of NUG 


@ Tobacco smoking 

@ Changes in hypothalamic-pituitary-adrenal axis 
<> Psychological stress. 
<> Inadequate sleep. 


<> Long working hours/sleep deprivation. 


<> Immune suppression. 
@ Poor oral hygiene. 


Malnutrition 
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<> Low protein consumption 
Local trauma. 
Immunodeficiency 

History of gingivitis/ NUG. 
Viral infection such measles 


Recent illness 
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Alcohol abuse 


Etiology: 
Microbiology: 


@ Fusospirochaetal complex (Fusobacterium nucleatum/sp. 
+ Treponema sp.) with Prevotella intermedia. 


@ The microbiota of NUP is reported to be similar 
among conventional periodontitis and HIV-infected 
patients. Most of the flora was gram negative in 
nature. 


@ Electron microscopic studies reveal the invasive 
nature of Treponema species along with unidentified 
rods and cocci in NUG lesions. 


@ Higher prevalence of spirochetes is noted in NUG 
and NUP with morphologic heterogeneity within the 
lesion. It is documented that upto 8 different species 
of Treponema and 3 distinct clusters of spirochetes 
sizes are present in the mixed flora of NUG lesions. 
Larger and intermediate sized spirochetes were 
tissue invasive and comprised a major part of 
constant flora in NUG. 

Immune defects: 
Diminished host response to bacterial infection/Presence 
of immune suppression. 
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Fig 26.1: Microbiota of periodontal diseases 
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Fig. 26.2: Clinical features of NUG 
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consists of A biopsy is not usually carried out for the NUG lesions. 
¢ Fibrin However, four histological zones are described in 
@ Necrotic tissue. relation to the lesion of NUG. 
¢ Inflammatory cells. ¢ Bacterial zone with predominance of spirochetes. 
¢ Masses of dead, dying and viable bacteria. ¢ Neutrophil-rich zone 
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@ Necrotic zone. 


@ The spirochetal infiltration zone. (Listgarten 1965) 


Differential diagnosis: 


Significant destruction of the gingival connective tissue 
is possible with NUG but when attachment loss occurs 


Interdental papilla, marginal gingiva 


Site of ulcers 


Character of ulcers Punched out crater-like 


Covered by yellow/white/gray slough 


Bleed readily or spontaneously 


Painful on stimulation 


Fever Sometimes or slight fever 
Symptoms Painful gums, “Dead-feeling teeth.’ 
Duration Short-lived ulcers (1-3 days) with 


therapy 
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this condition should be considered as a NUP NUP 
also occurs in HIV infection, severe malnutrition and 
immunosuppression. 


Both NUG and NUP shows soft tissue ulceration, necrosis, 
profuse bleeding on provocation and pain. NUP shows 
rapid, severe loss of attachment and bone loss within few 
days to weeks. 





Acute herpetic gingivostomatitis 


Gingiva and entire oral mucosa. No predilec- 
tion for interdental papilla 


Regular shaped ulcers form when the multiple 
vesicles coalesce 


Covered with fibrin 

No marked bleeding tendency 
Not specifically tender. 

38°C or more 

Sore mouth 


Ulcers are present for more than | week, even 
with therapy 


Note: ANUG has been discussed in the chapter on “ACUTE PERIODONTAL DISEASES”. The salient point have been 


repeated here for the reader to recall. 


NECROTIZING ULCERATIVE PERIODONTITIS 
(NUP): 


It is a severe inflammatory periodontal disorder caused 
by plaque bacteria. Some believe that NUP represents an 
extension of NUG. Its difference from NUG is the rapid 
and severe loss of clinical attachment and alveolar bone. 


NECROTIZING ULCERATIVE PERIODONTITIS: An 
infection characterized by necrosis of gingival tissues, 
periodontal ligament, and alveolar bone. These lesions are 
most commonly observed in individuals with systemic 
conditions including, but not limited to, HIV_ infection, 
malnutrition, and immunosuppression. (Glossary of 
Periodontal Terms -2001) 


The prevalence of NUP is about 0.5% and decreases with 
age. Its prevalence in HIV-positive patients is about 
2-6%. The presence of NUP can give a hint for HIV 
infection, in patients without a definite diagnosis. 


@. factors include HIV infection (CD4 
4 


a, 


count <200), poor oral hygiene, inadequate sleep, unusual 
psychological stress, poor diet, recent illness, alcohol 
abuse and smoking. It could also be a sequel of single or 
multiple episodes of previous NUG. 


Clinical features: 


Clinical features include halitosis, crater-like lesions due 
to soft tissue ulceration and necrosis arising from 
interdental papilla. There is profuse bleeding on 
provocation and spontaneous nocturnal haemorrhage. 


Patient has acute and intense pain. It is described 
as profound toothache or as pain in the bones of the 
mouth that is not relieved by analgesics. 


It is frequently seen as a localized lesion with 
gingival necrosis surrounded by normal _ tissue. 
Periodontal pocket formation is non-existent. Loss of 
bone crest coincides with gingival necrosis, leading to 
exposure of alveolar bone and areas of intra-septal bone 
sequestration. 
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@ Early lesions show minimum tooth mobility and no 
radiographic bone loss. 


@ Moderate lesions involve entire attached gingiva 
with partial bone exposure and sequestration of 
mucogingival junction. 


@ Severe lesions show extensive necrosis of gingiva and 
alveolar bone that extends beyond the mucogingival 
junction with obvious bone loss and significant tooth 
mobility. It leads to loss of the involved teeth. 


Some patients may show halitosis, lymphadenopathy, fever 
and malaise. 


There is rapid and severe loss within a few days or weeks. 
NUP is more aggressive in HIV-positive individuals. Such 
patients have 72.9% cumulative probability of death within 
24 months of diagnosis of NUP. 
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Fig. 26.2 Repeated bouts of Necrotizing 
Ulcerative Periodontitis with multiple tooth loss. 


Microbiology: 


High prevalence of spirochetes was detected in association 
with NUP regardless of HIV status. The subgingival plaque 
is highly diverse with more than 100 species detected by 
sequence analysis and checkerboard hybridization assays. 
However, more than half of the detected taxa are not yet 
cultivated. 


The characteristic organisms include Fusiform bacteria, 
Fusobacterium Sp., Selenomonas SP., 
Pintermedia, Treponema Sp., Capnocytophaga, 
Campylobacter and C.albicans (increased prevalence in 
HIV-positive patients). E.fecalis, Eubacterium sabbureum, 
Filifactor — alocis, Dialister sp., | Pendodontalis, and 
D.pneumosintes, which are not typically associated with 
disease, were also detected. 


Lower numbers of periodontal pathogens like P. gingivalis 
and T. forsythia were observed in NUP of HIV-infected 
patients. 
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Fig. 26.3: Clinical features of NUP 


Histopathological features: 


Histopathology shows necrosis. Immuno histochemistry 
(IHC) studies revealed the expression of atypical 
cytokeratin (K-19) in rete ridges of NUP epithelium 
which was lacking in normal oral epithelia. There was 
extensive intraepithelial abundance of dislocated 
laminin-1/10 and tenascin in NUP, as they are commonly 
noted in extracellular matrix. Pan-epithelial expression of 
higher levels of IL-1 and av-integrin was also noted in 
NUP tissue. Larger areas of epithelium revealed 
localization of MMP-13. 


Differential diagnosis: 

¢ Acute herpetic gingivostomatitis 
@ Desquamative gingivitis 

¢ Agranulocytosis 


@ Leukaemia 


Treatment: 


NUP usually does not respond to conventional treatment. 
It is generally treated in stages, 


¢ First session: 
<> Elimination of severe pain: 


e Irrigation using 10% povidone-iodine or 
2% sodium iodide mixed in 10 volumes of 
oxygenated water. These substances have 
antibiotic activity and immediately reduce 
discomfort. 


e Paracetamol 500mg every 4 hours or 750mg 
every 8 hours, Ibuprofen 400-600mg every 8 
hours could be given for severe pain. 


<> Oral hygiene instructions and 0.12% chlorhexidine 
gluconate every 8 or I|2 hours or Hydrogen 
peroxide mouthrinse every |2 hours for plaque 
control. 


<> Chemotherapeutic agents in case of systemic 
involvement; 


e Metronidazole — 500mg every I|2 hours/ 
250mg every 6 hours for 7 days. 


e Amoxicillin 500mg every 8 hours for 7 days 


e Combination of Amoxicillin 250mg and 
Metronidazole 250mg every 8 hours for 7 
days. 


<> Patient counselling — Ensure proper nutrition with 
vitamin supplements and fluid intake. Avoidance 
of spicy foods and smoking. Increase sleep and 
reduction of stress. 


<> Follow-up, every 24 hours till acute symptoms, 
are controlled. 


@ Second session: 
<> Mechanical debridement to remove calculus and 
necrotic tissues. 
@ Third session: 
<> Maintenance of oral hygiene and regular follow- 
up. 
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Low-level laser therapy with GaAlAs Lasers can be used as 
an adjunct to therapy to improve the treatment outcome 
and enhance healing of injured tissues. 


Use of low-level lasers like GaAlAs could be used for 
treatment of NUP in HIV-positive individuals along with 


ACUTE NECROTIZING ULCERATIVE 
GINGIVITIS (ANUG) 


«Affects only the Gingival compartment 
«Periodontal loss of attachment. 


NECROTIZING STOMATITIS 


eInvolves gingiva, periodontal ligament, alveolar 
bone and alveolar mucosa. 


«Larger lesions. 
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antibiotics, analgesics, and anti-inflammatory drugs. Future 
targets for therapeutic intervention would be IL-IB and 
MMP-1I3. Treatment options include anti-inflammatory 
drugs, antisense RNA or small interfering RNA (siRNA) 
strategy. 


NECROTIZING ULCERATIVE 
PERIODONTITIS (NUP) 


eInvolves gingiva, periodontal ligament and 
alveolar bone. 


¢Loss of attachment. 


Extends to and involves the oral tissues and 


‘acial skin 


Fig. 26.4: Possible sequel of NUG 


e 


Periodontal Necrosis by other factors: 


Necrosis of periodontal tissues can also be caused by 


Chemicals like Calcium Hydroxide, Sodium hypochlorite, 
devitalizing agents like Arsenic trioxide (Arsenic anhydride) 
paste, Paraformaldehyde or Cresol. 


@ Chemicals used in endodontic and _ restorative 
procedures can involve gingiva and_ periodontal 
tissues if exposed during restorative and endodontic 
procedures. 


@ These substances can also leak into the periodontal 
tissues due to subgingival caries or inadequate 


Periodontics & Oral Implantology 


temporary restoration or through patent apical/ 
lateral/accessory canals. 


@ Few reports indicate that bone necrosis and 
continuing inflammatory response after root canal 
perforations. 

@ Tissue damage could be due to direct chemical 
irritation or allergic reactions to the chemicals. 

@ Cytotoxicity on cell cultures and epithelial damage 
with and without cellular atypia was noted on 
application of calcium hydroxide over hamster cheek 
pouches. 

@ It can be avoided by use of extreme caution during use 
of such materials. If exposed, the material should 
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be removed immediately to avoid alkaline burn and 
extensive tissue damage. The damaged tissue and 
necrotic bone has tobe removed surgically. 


Leukocytoclastic vasculitis 


@ It is an autoimmune reaction affecting arteries, 
arterioles, capillaries, and venules. 


@ The available literature is very limited on relationship 
between periodontal disease and vasculitis. 


@ However, periodontal tissues may be involved in this 
vessel-degenerative process and present clinically as 
severe NUP. 


@ A detailed case history is needed to rule out various 
forms of vasculitis and other associated diseases, 
whenever a patient presents with NUP in the clinic. 


@ Treatment includes both medical and _ dental 
management. 


Histiocytosis syndromes 


@ Itshows punched-out necrotic ulcers with granulation 
tissue, tissue necrosis and marked bone loss. 


@ It clinically resembles NUP and can be confirmed 
with biopsy. 


Common variable immunodeficiency (CVID) 


@ It is a rare immunodeficiency disorder with 


recurrent __ bacterial and viral infections, 
hypogammaglobulinemia and impaired humoral 
response. 

@ Initial diagnosis is usually made in 2nd or 3rd decade 
of life. 


¢ There are only two reports of periodontal disease 
in CVID. Batista et al. have reported NUP in such 
individual. 

¢ Diagnostic criteria for CVIDinclude decreased levels 
of lgG,lgA,and IgM. There is lack of lgG response to 2 or 
more protein vaccines like Tetanus or Diptheria 
toxoids. Other causes of hypogammaglobulinemia 
should be ruled out. 

@ Periodontal therapy with continuous recall is 
mandatory in such immunodeficient patients to 
maintain their oral tissues. 


Acatalasia 


@ It is a rare inherited disorder caused by lack of 
catalase in RBCs and WBCs. 
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@ Hydrogen peroxide could not be converted into 
oxygen and water in the absence of this enzyme. 


@ This leads to harmful tissue oxidation, denaturation 
of hemoglobin, tissue hypoxia, gingival necrosis and 
periodontal destruction. 


Neutropenia 
@ Severe neutropenia could be drug-induced. 


@ It shows ulceration and necrosis of marginal gingiva. 
There is occasional involvement of marginal gingiva. 


@ Histopathology exhibits little or no PMN infiltration. 
Review Questions: 


Essay questions: 


|. Ennumerate the Necrotizing periodontal diseases. 
Write about the clinical features, histopathology and 
discuss in detail the management of ANUG. 


2. What are the clinical features of Necrotizing 
ulcerative periodontitis? Describe its management in 
detail. 


Short notes: 
3. Describe the differential diagnosis of ANUG. 


4. What are the causes of periodontal necrosis other 
than the periodontal necrotizing diseases? 
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Chapter Outline: 


¢ Definitions and Terminology 
¢ Aetiology 
— Behavioural factors 
— Microbiology 
— Microbes associated with refractory periodontitis 
— Host response 
— Anatomic variations 


DEFINITIONs AND TERMINOLOGY: 


The classification “refractory periodontitis” was officially 
adopted by the American Academy of Periodontology in 
1985 and defined in 1986 to refer “to disease in multiple 
sites in patients which continue to demonstrate attachment 
loss after apparent appropriate therapy “. 


REFRACTORY: Persistent; patients or sites that continue 
to demonstrate disease after appropriate therapy.(Glossary 
of Periodontal Terms -2001) 


RECURRENCE: Reappearance or return, as_ of 
inflammation, or disease that has been successfully treated. 
(Glossary of Periodontal Terms -2001) 


REFRACTORY PERIODONTITIS: A condition where 
one or more forms of periodontitis are unresponsive 
to treatment despite excellent patient compliance and 
delivery of periodontal therapy that ordinarily is successful 
in arresting the progression of periodontitis. A secondary 
descriptor used with various categories of periodontitis 
(e.g., refractory chronic periodontitis, refractory aggressive 
periodontitis, etc.). (Glossary of Periodontal Terms -2001) 
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¢ Clinical features 
¢ Treatment and prognosis of RP 
¢ Future Directions in Research 
e Review Questions 
— Essay questions 
¢ Principal References and Suggested Further Reading: 


REFRACTORY PERIODONTITIS: “Includes patients 
who are unresponsive to any treatment provided whatever 
the thoroughness of frequency as well as patients with 


recurrent disease at a few or many sites” (Proceedings of 
the World Workshop in Clinical Periodontics, 1989). 


There is a subset of around |10-15% patients with adult 
periodontitis exhibit continued attachment loss despite 
periodontal therapy and maintenance care. Persistent 
patients or sites that continue to demonstrate disease after 
appropriate therapy. Patients who were under any category 
of periodontitis and showed poor response to appropriate 


conventional periodontal therapy were designated as 
having refractory periodontitis (RP). 


RP can occur in any form of periodontitis. Additional 
descriptive terms include recurrent, relapse, intractable, 
recalcitrant, unstable, downhill, and refractory progressive 
periodontitis. 


Some researchers use this term only for patients who 
do not respond to conventional therapy with adjunctive 
antibiotics like tetracycline. Some authors describe RP 
as patient specific and not site specific as majority of the 
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treated sites do not respond favourably. 


Refractory periodontitis is not considered currently 
as a separate entity anymore, and the category has 
been eliminated. 


Aetiology: 


@ Behavioural factors: 


<> Tobacco Smoking: 85% to 90% of RP cases are 
current smokers. Smoking causes alterations in 
neutrophil chemotaxis and phagocytosis, altered 
cytokine levels. 


@ Microbiology: 


<> Inability to control subgingival pathogens within 
gingival tissue or root structures that are 
inaccessible to mechanical instruments. 


< Persistence of subgingival pathogens after routine, 
conventional therapy. 


<> Elevated lysine decarboxylase activity in sulcular 
microbes. This enzyme inhibits the turnover of 
dentally attached cells and is not seen normally in 
mammals. It is primarily secreted from E.corrodens 
and Capnocytophaga spp. 

<> Development of antibiotic resistance by 
periodontal pathogens due _ to __ increased 
production of (3-lactamase by Prevotella species 


<> Dissemination of resistance genes between 
bacteria by genetic elements called integrons. 


<> Higher prevalence of blacfxA2 and cfxA gene 
among aminopenicillin-resistant oral Prevotella 
was isolated from patients with RP. These 
genes can be seen rarely in Capnocytophaga and 
C. gingivalis 

<> Usually, sites with E.corrodens and S.intermedius 
show continued attachment loss. 


<~ There are variations in microflora among 
refractory and successfully treated patients. 


Microbes associated with refractory 
periodontitis: 


@ Inastudy Colombia et al(2009) found that “RP subjects 
were distinguished from treatable periodontitis and in 
periodontal health by a significantly high frequency of 
putative periodontal pathogens such as, Parvimonas 
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micra, Campylobacter gracilis, Eubacterium nodatum, 
Selenomonas noxia, Tannerella forsythia, Porphyromonas 
gingivalis, Prevotella spp., Treponema spp., Eikenella 
corrodens,as wellas‘‘unusual” species (Pseudoramibacter 
alactolyticus, TM/7 spp. oral taxon (OT) 346/356, 
Bacteroidetes spp. OT 272/274, Solobacterium moorei, 
Desulfobulbus sp. OT 041, Brevundimonas diminuta, 
Sphaerocytophaga sp. OT 337, Shuttleworthia 
satelles, Filifactor alocis, Dialister invisus/pneumosintes, 
Granulicatella  adiacens, Mogibacterium  tidmidum, 
Veillonella atypica, Mycoplasma salivarium, Synergistes 
sp. cluster Il, Acidaminococcaceae [G-I!] sp. OT 
132/150/155/148/135). Species that were more 
prevalent in periodontal health than in periodontitis 
patients includedActinomyces sp.OT | 70,Actinomyces 
spp. cluster I, Capnocytophaga sputigena, Cardiobacterium 
hominis, Haemophilus parainfluenzae, Lautropia mirabilis, 
Propionibacterium propionicum, Rothia dentocariosa/ 
mucilagenosa, Streptococcus sanguinis”. 


Colombia et al (2012)compared the post-therapy 
data of “refractory” and “non-refractory” sites. They 
found that several known pathogens such as P gingivalis, 
T. forsythia, Prevotella spp., E. nodatum, E. saburreum, P. 
micra, the “milleri” streptococci group (S. anginosus, 
S. constellatus and S. intermedius) persisted in high 
frequency in “refractory” sites after treatment.’“The 
study also found a significant post-therapy increase 
in the mean frequency of P. micra and S. constellatus/S. 
intermedius in RP individuals, whereas these species 
decreased in treatable periodontitis patients. 


Putative and novel periodontal pathogens persisted 
in higher frequency in sites/subjects with “refractory” 
periodontitis as compared to good responders 
of conventional periodontal therapy, whereas 
presumptive beneficial species were detected in 
lower prevalence in RP than treatable periodontitis 
after therapy. (Colombia et al (2012)) 


Host response: 
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Impaired host resistance by systemic diseases like 
diabetes mellitus. 


Fewer antibodies against Actinomyces (A-Ab) and 
elevated antibodies against Streptococci milleri (S-Ab) 
has been noted in RP 


Antibodies can precipitate D-alanyl esters attached 
to Lipoteichoic acid of microbes. 
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@ Increase in serum IgG antibodies against P gingivalis 
¢ Defective or dysfunctional PMN. 
E. gingivalis: 
¢ E. gingivalis is a parasite and is frequently seen in 
patients with periodontitis. 


@ A complete relationship between E. gingivalis and 
periodontitis has never been demonstrated. 


@ However, in a study by Lauritano et al, the authors 
assert that E. gingivalis and periodontal disease may 
be correlated. 


@ This relationship can open 
approaches for treating periodontal 
particularly in cases refractory to therapy 


new therapeutical 
disease, 


Anatomic variations: 


@ Anatomic variations like root lacunae, grooves and 
furcations can act as niches where periodontopathic 
bacteria could evade the periodontal therapy, remain 
and repopulate the root surface. 


Clinical features: 


Fortunately, incidence of RP is low. RP is characterized 
by low plaque scores and low response to periodontal 
therapy. These patients often have a history of antibiotic 
therapy like erythromycin, tetracycline, and clindamycin. 
These patients depict microbial resistance to amoxicillin, 


Conventional 
periodontal 
treatment carried out 
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Treatment and prognosis of RP: 


The aim of therapy is to reduce bleeding on probing and 
maintain it at a low prevalence. In successfully treated 
patients, the prevalence after 3 months is around 25% but 
in cases of RP the prevalence is around 45%. In cases of RP, 
even after adequate plaque control, there was no clinical 
improvement. 
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Refractory Periodontitis/ Recurrent Periodontitis 


erythromycin, tetracycline and clindamycin. 


RP patients are very heterogeneous in terms of their 
clinical, microbiological and immunological characteristics. 
(Socransky & Haffajee) 


Hirschfeld and Wassermaan reported that the patients 
who did not respond are described as downhill patients 
(loss of 4-9 teeth) and extreme downhill patients (loss of 
10-23 teeth). The patients who responded are called well 
maintained (a loss of 0-3 teeth). Other categories were 
stable and unstable. 


These patients show bleeding on probing, suppuration, 
increased probing depth, mobility, recession, continued 
loss of attachment with resorption of alveolar bone, 
radiographic evidence of bone loss and loss of teeth even 
with therapy are considered RP rather than as a case 
showing recurrence of chronic periodontitis. 


Colombo et al described that patients are poor responders 
or refractory to treatment, if the full-mouth attachment level 
loss and/or>3 sites exhibiting >2.5mm loss of attachment 
within one-year post-therapy. If the attachment loss is less 
than 2 mm, most patients were successfully treated. Most 
RP patients had > 4mm attachment loss and continued 
disease progression. 


This condition is diagnosed only when the clinician 
observes lack of response to appropriate therapy after 
careful monitoring. 


Progressive 
periodontal 
destruction 


Refractory 


Periodontitis 





Fig 27.1: Refractory Periodontitis 


@ Immunoassays can be done for patients with moderate 
periodontitis to diagnose refractory types. 


@ Severe cases do not respond favourably to 


treatment. 
@ Conventional periodontal therapy with non-surgical 
and surgical debridement. 


@ Short recall intervals with weekly plaque removal for 
3 months. 
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@ Maintenance 
@ Microbiologic sample analysis. 
@ Antibiotic sensitivity testing. 


@ Use of adjunct systemic antibiotic therapy along with 
the conventional therapy is beneficial. 


< Amoxicillin-clavulanate potassium. 


<> Clindamycin hydrochloride 150-300mg/t.i.d or 
q.i.d/8 days. 


<> Tetracycline/doxycycline. 


<> Santos et al (2016) evaluated the available 
evidence about the use of systemic antibiotics with 
conventional mechanical therapy in treatment of 
refractory periodontitis. They concluded that 
the available evidence does not allow us to 
infer that the use of adjunct systemic antibiotics 
increases the efficacy of conventional periodontal 
mechanical debridement alone. Similarly, Angaji 
et al and Albandar JM et al had also pointed that 
sufficient evidence does not exist in the literature 
to support or refute the view that adjunctive 
antibiotic therapy would lead to a significant 
reduction in probing depth or gain in clinical 
attachment level when treating periodontitis in 
smokers. 


Future Directions in Research: 


@ Early detection techniques. 


@ Clinical and microbiological tests to predict disease 
activity. 

@ Determine the bacterial species in RP and assess 
whether different flora are responsible for clinical 
variations. 


@ Determine the effect of periodontal therapy on 
microflora at diseased and quiescent sites. 


¢ Differentially expressed genes and microRNAs 
associated with chronic and refractory periodontitis 
might be potential targets for their treatment. (Zhang 
et al) 
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Review Questions: 


Essay questions: 


|. Define Refractory Periodontitis. Define etiology, 
clinical features, and management of refractory 
Periodontitis 
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chronic periodontitis in current smokers.} Evid Based 
Dent Pract. 201 2;12(3 Suppl):63-6. 


@ Angaji M, Gelskey S, Nogueira-Filho G, Brothwell 
D.A systematic review of clinical efficacy of 
adjunctive antibiotics in the treatment of smokers 
with periodontitis. J Periodontol. 
2010;81(11):15 18-28. 


@ Colombo APV, Bennet S, Cotton SL, et al. Impact of 
Periodontal Therapy on the Subgingival Microbiota of 
Severe Periodontitis: Comparison between Good 
Responders and “Refractory” Subjects by the Human 
Oral Microbe Identification Microarray (HOMIM). 
Journal of periodontology. 2012;83(10):1279- 1287. 


@¢ Colombo APV, Boches SK, Cotton SL, et al. 
Comparisons of Subgingival Microbial Profiles of 
Refractory Periodontitis, Severe Periodontitis and 
Periodontal Health using the Human Oral Microbe 
Identification Microarray (HOMIM). Journal of 
periodontology. 2009;80(9):1421-1432. 


@ Diaz R. Relation of salivary PAF to periodontal 
disease in periodontal maintenance and refractory 
periodontitis patients. 1991 


@ Fugazzotto PA, DePaoli S. Examination and diagnosis. 
In: Fugazzotto PA, Hains F. Periodontal-Restorative 
Interrelationships: Ensuring Clinical Success. John 
Wiley & Sons; 201 1:3-29. 


@ Glossary of Periodontal Terms, 4th Ed., The American 
Academy of Periodontology, 200 


@ Haffajee AD, Uzel NG, Arguello El, Torresyap 
G, Guerrero DM, Socransky SS: Clinical and 
microbiological changes associated with the use of 


combined antimicrobial therapies to treat “refractory” 
periodontitis. J Clin Periodontol 2004; 31:869-877. 


(4) Periodontics & Oral Implantology 


Chapter 27 


@ Handal T, Olsen |, Walker CB, Caugant DA. Detection 


and characterization of f-lactamase genes in 
subgingival bacteria from patients with refractory 
periodontitis. FEMS Microbiology Letters 2005; 242: 
319-324. 


Lauritano D, Lo Muzio L, Gaudio RM, Lo Russo L, 
Mucchi D, Nardi GM, Scapoli L.The ecological 
catastrophe of oral diseases: a possible link between 


periodontitis and protozoa.] Biol Regul Homeost 
Agents. 2016 Apr-Jun;30(2 Suppl |):143-7. 
Levine M,LaPolla S$, OwenWL,Socransky SS:Antibody- 


based diagnostic for ‘refractory’ periodontitis. } Clin 
Periodontol 2002: 29: 935-943. 


Magnusson I, Walker CB: Refractory periodontitis or 
recurrence of disease. | Clin Periodontol 1996: 23: 
289-292. 


Periodontics & Oral Implantology 


Refractory Periodontitis/ Recurrent Periodontitis 


4 


Newman et al., Carranza’s Clinical Periodontology, 
|O/e, 2006, Saunders, St Louis, Missouri. 


Santos RS, Macedo RF, Souza EA, Soares RS, Feitosa 
DS,Sarmento CF. The use of systemic antibiotics in the 


treatment of refractory periodontitis: A systematic 
review. | Am Dent Assoc. 2016;147(7):577-85. 


Socransky SSSC, Haffajee AD. Subgingival microbial 
profiles in refractory periodontal disease. J Clin 
Periodontol. 2002; 29:206—268. 


Zhang B, Lin IT, He H. Comparative analysis of 
blood and saliva expression profiles in chronic and 
refractory periodontitis patients. BMC Oral Health. 
2015; 15:166. 


CHAPTER 





28 





Chapter Outline: 


Periodontal Furcation Involvement 
Definitions and Terminology 
Etiology of Furcation Involvement 
— Local Anatomic Factors 
— Root Trunk Length 
— Root Form 
— Inter-radicular Dimension 
— Anatomy of Furcation 
— Furcation Entrance Diameter (FED) 
— Root Trunk Length 
— Root Concavities 
— Ectopic Enamel 
— Cervical Enamel Projections 
— Enamel Pearls (EP) 
— Bifurcation Ridges 
— Radicular Grooves/ RG 
— Clinical and Radiologic Features 
— Treatment 
— Epidemiology 
Classification of Furcation Involvement/Furcation 
invasions 
— Glickman’s Classification of Furcation Involvement 
(1953) 
— Furcation Involvement Classification- Easley and 
Drennan (1969) 
— Furcation Involvement Classification-Ramfjord & 
Ash (1979) 


PeriOG@Oontalshuncawon 





Involveme!r 












Syed Wali Peeran & 
Karthikeyan Ramalingam 





— Furcation Involvement Classification -Hamp, Nyman, 
and Lindhe. (1975) 

Diagnosis of furcation involvement 

— Clinical diagnosis 

— Radiographic diagnosis 

— Problems in treatment of furcation 
— Anatomy of bony defects 

Treatment of furcation lesions 

— Conservative approach 

— Tunneling 

— Odontoplasty and osteoplasty 

— Hemisection 

— Root resection or root amputation 
— Indications 
— Contra-indications 
— Root selection 
— Procedure 

Bisection/ Bicuspidization 

— Indications 

— Contra-indications 

— Procedure 

— Outcome 

Regenerative techniques 

Review Questions 

— Essay questions 

— Short notes. 

Principal Sources and Suggested Further Reading 


Periodontics & Oral Implantology @® 


(Clinical Periodontology 
TERMINOLOGY 


Bifurcation: The anatomic area where roots of a two- 
rooted tooth divide. (Glossary of Periodontal Terms — 
2001) 


Enamel Pearl: A small, focal mass of enamel formed apical 
to the cemento-enamel junction. (Glossary of Periodontal 
Terms — 2001) 


Enamel Projection: An apical extension of enamel, 
usually toward a furcation. — (Glossary of Periodontal 
Terms — 2001) 


Furcation Invasion: Pathologic resorption of bone within 
a furcation. (Glossary of Periodontal Terms — 2001) 


Furcation: The anatomic area of a multi-rooted tooth 
where the roots diverge. (Glossary of Periodontal Terms 
— 2001) 


Interfurcation: The area between and at the base of the 
roots of a multi-rooted tooth. (Glossary of Periodontal 
Terms — 2001) 


Odontoplasty: The reshaping of a portion of a tooth. 
(Glossary of Periodontal Terms — 2001) 


Resection: Excision of some portion of a structure such 
as bone, gingiva, or a tooth root. (Glossary of Periodontal 
Terms — 2001) 


Root amputation: The removal of part or all of a root 
from a tooth. (Glossary of Periodontal Terms — 2001) 


Root proximity: Closeness of roots 
teeth. (Glossary of Periodontal Terms — 2001) 


of adjacent 


Root resection: Surgical removal of all or a portion of a 
tooth root. (Glossary of Periodontal Terms — 2001) 


Root: 


|. The anatomic portion of the tooth usually covered 
with cementum. 


2. The anatomic part of a tooth normally within the 
alveolar bone and attached to it by the periodontal 
ligament. (Glossary of Periodontal Terms — 2001) 


Trifurcation: [The area where a tooth divides into three 
distinct roots. (Glossary of Periodontal Terms — 2001) 


Tunnel preparation: A surgical procedure performed on 
a multirooted tooth, usually a mandibular molar, resulting 
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in a completely opened furcation to provide access for oral 
hygiene. (Glossary of Periodontal Terms — 2001) 


Furcation arrow:A small, triangular radiographic shadow 
that is sometimes noted over either the mesial or distal 
roots of the maxillary molars in the proximal furcation area. 
(Hardekopf JD et al. 1987) It is a radiographic entity and 
has limited usefulness as a diagnostic marker of furcation 
invasion. (Deas DE et al. 2006) 


In 1844, Farrar reported management of alveolar abscess 
by amputation of roots of teeth. He regarded furcation 
therapy (root amputation) as being more appropriate than 
tooth extraction. Even with advances in endodontic and 
periodontal therapy, one of the most important unsolved 
problems in clinical periodontology is the predictable, 
successful management of periodontally affected furcations 
of multi-rooted teeth. 


ETIOLOGY OF FURCATION INVOLVEMENT 


Factors such as root trunk length, furcation entrance, root 
separation and root surface area can affect diagnosis, and 
consequently, the choice of the appropriate therapy for the 
furcally involved teeth. 


The furcation area can be divided into three parts - the 
root, surface immediately coronal to the root separation 
(flute) and the area of root separation. 


Local anatomic factors: 


@ Root trunk length. 


@ Root length. 

@ Root form. 

@ Inter radicular dimension. 

@ Anatomy of furcation — concavity/convexity 
@ Cervical enamel projection. 

@ Enamel pearls 


Root trunk length: 


The root trunk is defined as the area of the tooth extending 
from the cementoenamel junction to the _ furcation, 
otherwise defined as root separation. 


Hou G.L and C.C. Tsai (1997) examined the types and 
dimensions of root trunks of 200 mandibular molars which 
consisted of 103 mandibular first and 97 mandibular second 
molar and summarized their findings about mandibular 
molars as follows. 
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@ Short — root trunks were most commonly found 
buccally, whereas long — root trunks were more 
commonly found lingually in both mandibular molars. 


@ Long — root trunks were more commonly found on 
the second molars than on the first molars. 


@ Long root trunks were associated with short root 
length 


The significance of root trunk length relates to both 
prognosis and treatment of the tooth. A molar with a 
short root trunk is most vulnerable to furcal involvement 
but has a better prognosis after treatment since less 
periodontal destruction has presumably occurred. 


Alternatively, a furcation involved molar with a long root 
trunk and short roots may not be a candidate for root 
resection since these teeth loose more periodontal support 
with furcal invasion. 


Root form: 


@ The mesial root of most mandibular first and second 
molars and the mesiofacial root of the maxillary first 
molar are typically curved to the distal side in the 
apical third. 


@ In addition, the distal aspect of this root is heavily 
fluted. 


Inter-radicular dimension: 


@ The degree of separation of the roots is also important 
factor in treatment planning. 


@ Closely approximated or fused roots can preclude 
adequate instrumentation during scaling, root planing, 
and surgery. 


@ Teeth with widely separated roots present more 
treatment options and are more readily treated. 


Anatomy of furcation: 


The anatomy of furcation is complex. The furcation area 
can be divided into 3 parts: (I) the root (2) the surface 
immediately coronal to the root separation (flute) (3) the 
area of root separation. 


The presence of bifurcational ridges, a concavity in the 
dome, and possible accessory canals complicates not 
only scaling, root planing and surgical therapy, but also 
periodontal maintenance. 
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Odontoplasty to reduce or eliminate these ridges may be 
required during surgical therapy for an optimal result. 


Furcation entrance diameter (FED): 


The presence of tortuous regions inaccessible to cleaning 
in close proximity to furcation entrance is a risk factor for 
periodontal disease and its successful treatment. 


@ Hou et al. (2003) have grouped FED into 3 grades, 
Grade | — FED <0.55mm 
Grade I] — FED 0.55 to 0.75mm 


Grade Ill — FED >0.75mm 


@ Bower et al. (1979) examined FED of 103 mandibular 
first molar teeth and found in 81% of the furcations 
the entrance diameter was |.0 mm or less, and in 
50% the diameter of the mandibular teeth were 
0.75 mm or less. The average width of a curette 
blade face ranges between 0.75 — |.10mm and the 
use of curettes alone might not be suitable for root 
preparation in the furcal area and a smaller furcation 
diameter carries a poorer prognosis because of 
difficulty of instrumentation, when all other factors 
are constant. 


They also noted that the buccal entrance diameter in the 
mandibular molars tended to be smaller than the lingual 
counterpart. 


There was a lack of correlation between furcation entrance 
diameter and mesiodistal width at the cementoenamel 
junction in the first molar teeth examined indicating that 
large teeth do not necessarily have large furcation entrance 
diameters. 


@ Chiu et al. (1991) studied |78 mandibular first molar 
entrance dimensions and has reported that 50% of 
furcation entrance dimension of first molars were 
less than the blade width of new Gracey Curettes. 


@ Hou et al. (2003) have reported a higher prevalence 
of Grade | FED on buccal aspect of second molars, 
and this topography increases the risk of furcation 
involvement than first molars. 


@ Dos Santos et al. (2009) recommended the use of 
periodontal files, rotatory instruments, and ultrasonic 
devices during periodontal therapy, as some molars 
entrances cannot be adequately instrumented with 
Mini-five Gracey and McCall curettes 
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Bower and Chiu et al. measured the FED in first molar 
using machined metal gauges. Recent studies have depicted 
that mesial FED are widest (0.9mm to |.04mm) followed 
by distal and buccal dimensions. The FED of maxillary and 
mandibular 2nd molars were narrower than 0.75mm, which 
is the narrowest blade of new curettes. 


Root trunk length: 


The root trunk is defined as the area of the tooth 
extending from the cementoenamel junction to the 
furcation, otherwise defined as root separation. 


Root length is directly related to the quantity of 
attachment supporting the tooth. 


Furcation involvement is rare in molars with 


root trunks. 


long 


Teeth with long root trunks and short roots may have 
lost a majority of their support by the time that the 
furcation becomes affected. Teeth with long roots and 
short to moderate root trunk length are more 
readily treated because sufficient attachment remains to 
meet functional demands. 


¢ Dunlap RM & Gher ME (1985) studied root surface 
area of 20 mandibular first molars and found the root 
surface area of the root trunk to be 30.5% of the 
total surface area. 


@ Hou G.L & Tsai C.C (1997) examined the types and 
dimensions of root trunks of 103 mandibular first and 
97 mandibular second molars and summarized their 
findings. Short root trunks were most commonly 
found on the buccal aspect, whereas long root trunks 
were more commonly found lingual aspect of both 
mandibular molars. Long root trunks were more 
commonly found on the second molars than on the 
first molars and were associated with short root 
length. 


@ Mandelaris et al. (1998) reported that the mean root 
trunk length was 3.14 mm on the buccal aspect, and 
4.17 mm on the lingual aspect. 


@ Roussa (1998) studied 14 mandibular first molars and 
[6 mandibular second molars and observed that the 
mean buccal root trunk length and lingual root trunk 
length of first mandibular molar to be 2.8+0./mm 
and 3.5+1.0mm and second mandibular molar to be 
3.4+1.0mm and 3.7+1.0mm respectively. 
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@ Al-Shammari et al. (2001) emphasized that root trunk 
length relates to both prognosis and treatment of the 
involved tooth. A molar with a short root trunk is 
most vulnerable to furcal involvement. However, such 
teeth have a better prognosis after treatment due to 
minimal periodontal destruction.A furcation involved 
molar with a long root trunk and short roots lose 
periodontal support with furcal invasion and may not 
be a candidate for root resection. 


@ de Los Rios CM, Pustiglioni FE & Romito GA (2002) 
studied 100 extracted human lower second molars 
and reported that the root trunk was longer on the 
lingual surface than it was on the buccal surface. 


@ Hou GL et al (2005) revealed that second molars had 
a higher prevalence of long root trunks than the first 
molars and molars with longer root trunk length had 
higher risk of poor prognosis when periodontally 
involved than teeth with short root trunk length. 


Root concavities: 


The proximal surfaces of the roots adjacent to the 
furcations of permanent first molars frequently have 
plaque-harboring concavities, especially the mesial root of 
mandibular molars. 


These concavities can exceed Imm in depth and are 
covered by a thicker layer of cementum, than the adjacent 
root convexities. This may allow bacterial plaque, its toxins, 
and ultimately calculus to penetrate further into the root 
surface complicating their removal. 


*Bower (1979) reported a 99 — 100% incidence of root 
depression in mandibular molars. The furcation was concave 
in 94% of mesiobuccal roots, 31% of distobuccal roots and 
17% of palatal roots of maxillary molars. The concavity was 
100% on mesial roots and 99% on distal roots of mandibular 
molars. 


¢ Dunlap RM & Gher ME (1985) noted buccal and 
lingual concavities of 0.7 mm and 0.3 mm apical 
to cementoenamel junction, which progressively 
deepened to reach the furcation. 


@ Roussa (1998) observed that root concavities were 
seen coronal to the furcation, at the furcation roof 
and apical to the furcation. Coronal to the furcation 
roof, both buccal and lingual aspects of the teeth had 
similar concavities, ranging from 0.00 mm to 3.85 mm. 
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In contrast, at the furcation roof, deep concavities 
were measured on both the buccal and lingual aspect 
of mandibular molar teeth. In first molars, the mean 
depth of these concavities was 3.28 mm and 3./| 
mm for buccal and lingual concavities. Second molars 
had deeper buccal concavities of 3.61+1.32 mm but 
narrower lingual concavities of 3.10+1.17 mm. 


@ de Los Rios CM, Pustiglioni FE and Romito GA (2002) 
reported that there is a concavity on the root trunk 
region of the lower second molar, with greater width 
& depth on the buccal surface and greater length on 
the lingual surface. 


Ectopic enamel: 


Enamel, which is normally seen on the anatomic crowns 
of teeth, may be found ectopically on the root, either as 
enamel pearls or as cervical enamel projections. 


Ectopic enamel originates from ameloblasts differentiating in 
the inner layer of Hertwig’s epithelial sheath, which induces 
odontoblast differentiation in the root. The conditions 
needed for local differentiation and function of ameloblasts 
in this ectopic position are not entirely understood. 


These ectopic enamel structures in the furcation areas 
are often associated with advanced localized periodontal 
disease. 


Goldstein described these areas as*‘locus minori resistente’”’. 
The connective tissue usually attaches to cementum. This is 
not possible in such anomalies due to presence of enamel. 
These areas with attached junctional epithelium could be 
less resistant to plaque-associated inflammation, and this 
could lead to furcation defects. 


Cervical enamel projections: 


ENAMEL PROJECTION: An apical extension of 
enamel, usually toward a furcation. — (Glossary of 
Periodontal Terms — 2001) 


The cervical enamel projection (CEP) is defined as a 
dipping of enamel from the cementoenamel junction 
towards and often into the furcation area. 


Most of the CEP is noted on the buccal surface of teeth. 
Its prevalence is 0.9% to 53.9%. The gingiva is attached 
to teeth with an extended junctional epithelium and no 
connective tissue. The enamel of CEP resembles cervical 
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enamel with irregular prism structures and is a continuation 
of amelogenesis in cervical region. 


@ Masters DH & Hoskins SW (1964) were the first to 
name these structures and document their presumed 
relation to periodontal disease and furcation invasion. 
They found a CEP incidence of 28.6% for mandibular 
molars. They classified CEP into 3 grades based on 
their proximity to the furcation entrance. Grade 
| CEP show a definite change in cementoenamel 
junction level, with enamel projecting toward the 
furcation; Grade Il CEP approach the furcation but 
do not make contact with it; Grade Ill CEP extend 
into the Furcation. 


@ Grewe et al. (1965) examined 5230 extracted molars 
and found CEP in 25.2% of mandibular first molars 
and 15.8% in maxillary molars. 


@ Bissada NF & Abdelmalek RG (1973) reported a CEP 
incidence rate of 8.6% in a study of | 138 molars, with 
mandibular molars having CEP twice as frequently 
as maxillary molars. The association between CEP 
and furcation involvement was shown to be 50%. 
They reported the highest incidence of CEP in the 
mandibular 2nd molar followed by the maxillary 2nd 
molar, mandibular Ist molar, and maxillary Ist molar. 


@ Swan RH & Hurt WC (1976) reported a 32.6% 
incidence of CEP among 2000 molars in 200 East 
Indian skulls. The mandibular second molars had the 
highest incidence of 51.0%. 


@ Hou GL & Tsai CC (1987) reported a 45.2% incidence 
of CEP in 78 Taiwanese patients. Of the teeth with 
furcation involvement, 82.5% had CEP while only 
17.5% of teeth without furcation involvement had 
cervical enamel projections. They also noted that 
only Grade II & III CEP to be significantly associated 
with furcation involvement, suggesting that Grade | 
CEP need not be always removed. 


@ Zee KY etal (1991) studied 168 Chinese mandibular 
teeth and identified CEP in 79% of mandibular 
first molars using dissection microscope with 
buccal aspects being more frequently involved and 
a considerable amount of them extending to the 
furcation area. 


@ Leite et al. (1995) in 1903 extracted permanent 
molars showed similar results. 
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@ Hou GL & Tsai CC (1997) examined 87 furcation 
involved hopeless permanent mandibular molars and 
found 63.2% had CEP and bifurcational ridges. 


@ Roussa (1998) observed CEP in three mandibular 
molars and nine mandibular second molars, 
representing a prevalence of 30%. He also found that 
teeth exhibiting CEP significantly showed deeper 
concavities at both mesial and distal root. 


@ Zee KY & Bratthall G (2003) investigated 834 first 
and second permanent molars from [33 Eskimo dry 
skulls, observed that mandibular molars had a CEP 
prevalence of /8%. 


@ Blachard SB et al. (2012) did a microscopic study of 
Grade III CEP in 35 mandibular molars and found that 
45./% appeared completely covered by cementum. A 
narrow pouch like opening between the cementum 
and enamel was also found. 


Enamel pearls (EP): 


The prevalence of enamel pearls (0% to 23.3%) is less than 
that of CEP. They have a predilection for the furcation or 
furrow between incompletely separated roots. 


EP forms from a local bulging in odontoblastic layer before 
mineralization of dentin. It favors prolonged contact 
between the epithelial root sheath and developing dentin 
leading to induction of ameloblasts and enamel secretion. 


These EP depict less-orderly organization of enamel prisms, 
inter-prisms, and incremental lines of Retzius, prism cross- 
striations, Hunter-Schreger bands and areas of prism-free 
enamel. Their amelogenesis is from the dentinal tip to the 
cervical region. Anderson et al had reported that the EP 
dentin had higher mineral content at DEJ than coronal or 
deeper portions. 


@ Risnes S (1974) studied 8854 extracted molars and 
reported 2.28% incidence of enamel pearls and most 
commonly noted in maxillary third molars. 


@ Moskow and Canut (1990) reported an incidence 
of 2.6%. Similar to CEP enamel pearls contribute to 
furcation involvement by preventing attachment of 
connective tissue. 


@ DarwazehA & Hamasha AA (2000) did a radiographic 
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@ Chrcanovic et al. (2010) studied 45,785 extracted 
teeth from a human teeth bank and observed that 
enamel pearls are common in molars and most 
commonly found in maxillary molars. 


@ Akgul et al. (2012) evaluated the presence of enamel 
pearls using cone-beam computed tomography in 
15185 teeth of 768 patients and enamel pearls were 
detected in 4.69% of patients. [hey were all found in 
molars and were common in maxillary second and 
third molars. 


Bifurcation ridges: 


@ Two types of bifurcation ridges (BR) have been 
described: Intermediate and buccal/ lingual ridges. 
Intermediate bifurcation ridges connect the mesial 
and distal roots and are composed primarily of 
cementum. Buccal and lingual ridges are composed 
primarily of dentine with overlying thin layers of 
cementum. 


@ Everett FG et al. (1958) was the first to describe the 
incidence of BR. They reported that mandibular first 
molars had 73% incidence of intermediate ridges, 
which were considered prominent in 60% of teeth. 
63% of the mandibular molars had buccal and lingual 
ridges. 


@ Burch & Hulen (1974) reported incidence of 76.3% and 
proposed that these BR provide yet another barrier 
to successful plaque control and root preparation. 


¢ Dunlap RM & Gher ME (1985) found Intermediate 
BR in 70% of the teeth. 


¢ Hou GL & Tsai CC (1997) investigated the 
correlation of intermediate BR and CEP with 
furcation involvement in 87 involved mandibular 
molars. They reported that 63.2% of involved molars 
had CEP & intermediate BR. Both anomalies were 
more common in mandibular first molar (67.9%) 
than mandibular second molar (54.8%). The clinical 
parameters of periodontal disease including pocket 
depth, CAL, plaque & gingival indices were highly 
significant in teeth with such anomalies than normal 
mandibular molars. 


Radicular grooves/ RG: 


study and reported |.6% incidence and common site The other names include palatogingival groove, radicular 


was roots of maxillary first molars. 


(ey 


lingual groove, palatal groove, distolingual groove, vertical 
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developmental RG, cingulo-radicular groove, developmental 
radicular anomaly, interruption groove, and coronal 
radicular groove. 


It was first described by Black in 1908, as a developmental 
malformation that occurs near the cingulum of a tooth and 
extends along the root to varying lengths. 


Their etiology is still unclear. Proposed causes include 
genetic alterations, enfolding of enamel organ and Hertwig’s 
epithelial root sheath or additional root formation. 


Classification of Radicular grooves include: 


@ Bacic et al. 
— Based on location — mesial, distal or mid-palatal 
@ Kogon — 


<> Based on origin — lingual fossa, cingulum, 
cementoenamel junction or root 


<> Based on termination — cingulum, cementoenamel 
junction or root 


@ Gu-—based on severity assessed with micro-computed 
tomography 


<> Type | — groove is short — not beyond the coronal 
third of the root 


<> Type Il -— groove is long (beyond the coronal 
third of the root) but shallow, corresponding to a 
normal or simple root canal. 


<> Type Ill — groove is long (beyond the coronal 
third of the root) and deep, corresponding to a 
complex root canal system. 


Clinical and radiologic features: 


@ Its prevalence is 1.0] to 18% with higher frequency 
among Sino-Americans, Sub-Saharan Africans, and 
Sahul-pacific people. 


@ It frequently involves maxillary lateral incisors than 
central incisors. 


It starts in the central fossa, cross the cingulum and 
extends into the root in different directions and 
distances. 


@ Usually asymptomatic. 


@ These grooves allow plaque and calculus accumulation. 


However, they can present as advanced periodontal 
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disease or with secondary pulp involvement as RG 
can reach root apex. 

@ Visual examination by periodontal probing. 


@ Radiographs/ CBCT reveal a lateral radiolucency 
along the root. Pulp involvement may show a tear 
drop like radiolucency. 


Treatment: 
@ Elimination of RG by odontoplasty 


@ Restorations of RG with amalgam, glass ionomer 
cement and composites. 


Endodontic treatment if pulp is involved. 
Resection of accessory roots. 
Intentional replantation. 


Periodontal regeneration. 
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Extractio.n 
Epidemiology: 


Molars are the teeth frequently involved in periodontal 
disease, especially with furcation involvement (Fl). They 
respond least favorably to treatment and have a greater 
risk for extraction than other teeth due to their furcation 
anatomy. 


Volkansky and Cleaton-Jones reported that 30.9% of molar 
teeth showed FI. They also reported that degree of FI 
increased with age. 


Tal and Lemmer confirmed that FI increased with age, and 
first molars are more affected. 


Bjorn and Hjort reported that FI increased from 18% 
to 32% over |3 years in their study sample. 3rd and 2nd 
molars had higher frequency of advanced destruction than 
first molars. 


Hou et al. have reported that second molar has an 
unfavorable crown-root ratio, short root length, taper- 
shaped root and show more attachment loss with poor 
prognosis. 


Surveys report that furcation involvement in maxillary 
molars was 25 — 52% while that of mandibular molars 
was |6 — 35%. 


Svardstrom and Wennstrom reported that over 30 years, 
50% of maxillary molars showed atleast | furcation site 
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with deep involvement. Similar involvement was noted in 
mandible after age of 40 years. Periodontal destruction is 
more frequently observed in distal aspect of Ist and 2nd 
maxillary molars. Similar involvement was noted in buccal 
and lingual furcations of mandibular molars. 


Fl was noted more frequently in smokers than non-smokers 
with odds ratio of 4.6. 


Molars with crowns and proximal restorations have higher 
percentage of FI. 


Classification of Furcation Involvement/ 
Furcation Invasions: 


Vertical measurements along the roots with FI could be 
reproduced on facial sides of maxillary molars and facial 
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& lingual sides of mandibular molars. Inter-examiner 
reproducibility decreases with increasing pocket depth and 
root separation. 


Glickman ’s classification of furcation 
involvement (1953): 


It is a four-degree classification to assess the extent of 
periodontal destruction within the furcation area. 


It is frequently used due to its simplicity and ease of 
application. 


Table 28.1: Glickman’s Classification of Furcation Involvement 


Goldman and 


Grade of ee 


involvement 


Clinical features 


Radiographic features 





description 
Grade | 
Early involvement. 


Incipient : 


horizontally. 


Incipient loss of bone limited to the ¢ No usual change. 
furcation flute that does not extend 


¢ The pocket is suprabony and primarily 
affects the soft tissues. 


Slight bone loss. 


GRADE II Cul de sac ¢ A variable degree of bone loss in a ¢ Changes may or may not be 
furcation, but not extending entirely seen. 
through the furcation. 
¢ Partial penetration of probe into the 
furcation. 
¢ It has a definite horizontal component. 

GRADE III Through and ¢ Bone loss extending completely ¢ Changes in the Mandibular 
through involve- — through the furcation. molars can be appreciated. 
ment. ¢ omplete loss of inter radicular bone. |= * Changes in the Maxillary molars 

¢ The bone is not attached to the dome may not be appreciated as the 
of furcation. palatal root overlaps in radio- 
¢ Furcation opening is occluded by graphs. 
gingival tissue. 
GRADE IV Through and ¢ Complete loss of inter radicular bone. 


through involve- « 
ment along with 
loss of gingival °= 
tissue coverage ° 
of furcation 
opening. 


gingival tissue. 


another. 


Furcation opening is not covered by 
Clinically visible furcation opening. 


The periodontal probe passes read- 
ily from one aspect of the tooth to 
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THROUGH BONE LOSS WITH RECESSION 


Fig. 28.1 Glickman’s Classification of Furcation Involvement 





Fig. 28.2 Through and through furcation involvement 
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Furcation involvement classification- Easley 
and Drennan (1969) 


Normal furcation. ROOF OFTHE 


a FURCATION 
Class-l: Incipient involvement. 


@ Fluting coronal to the furcation entrance. 
@ No horizontal component. 


Class-ll: partially involved furca 





@ Type-l: Only horizontal bone loss. No buccal or lingual 


ledge of bone. TYPE - Il TYPE - | 
@ Type-ll: Vertical component in bone loss is seen. CLASS-III 
Buccal or lingual ledge of bone is present. 
Class-Ill Completely involved furca-through and through Fig. 28.3 Furcation involvement classification (Easley and 
@ Type-l: Pattern of bone loss is horizontal. pasnnan 


@ Type-ll:Varying level of vertical bone loss. Involvement classification-Ramfjord & Ash (1979): 


— ; lt evaluates depth of involvement using 2mm increments 
/ —— i/ ~— of periodontal probing. 





¢ Class | — probe penetrates horizontally between the 


J j ROOF OF THE roots upto 2mm 
| | : |. FURCATION 
\ / y | @ Class 2 — probe penetrates more than 2mm but does 
b gg i " Se ‘ not pass through the furcation 
@ Class 3 — probe penetrates the furcation all the way 
NORMAL FURCATION CLASS - | through to the opposite entrance. 
Furcation involvement classification-Tarnow and 
Fletcher (1984): 


lt measures the vertical distance from the bottom of the 
_ defect to the roof of furcation. It records the 
\ interradicular alveolar bone loss in millimeters. It is used 
/ in combination with other acceptable classifications. 
| @ Subclass A: 0-3mm. 
@ Subclass B: 4-7mm. 


@ Subclass C: 7mm or more. 





TYPE - Il TYPE - | 
CLASS Il 
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7mm 
=_— ITPRINT 


Periodontal Furcation Involvement 


4-7mm 
O-3mm —” SUBCLASS-A 


Fig. 28.4 Furcation involvement classification (Tarnow and Fletcher) 


SUB CLASS - C 
Furcation involvement classification -Hamp, 
Nyman, and Lindhe. (1975) - _ furcation 


involvement- horizontal measurement. 


@ FO; pocket at the mesial root, but without furcation 
involvement. 


more than 3 mm 


3mm 


@ Fl; furcation can be probed 3mm in_ horizontal 
direction. 


@ F2;furcation can be probed deeper than 3mm. 


@ F3;through- and through furcation involvement. 


Through & Through 


a) W Ww 


Fy F2 


F3 


Fig. 28.5 Classification of Furcation involvement (Hamp et al.) 
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Furcation involvement regularly occurs with an infrabony 
defect. The Glickman’s (1953) classification system is most 
commonly used one. The Easley and Drennan (1969) and 
Tarnow and Fletcher (1984) classification systems provide 
information about the vertical component of the furcal 
bone loss and hence can help clinicians in deciding the 
application of periodontal regenerative techniques. 


Diagnosis of furcation involvement; 


Clinical diagnosis: 


lt uses special probes for diagnosis of furcations and root 
irregularities 


@ Cow-horn probe: fine and pointed paired left and 
right, curved. For surfaces and narrow grooves. 


@ Nabers Probe; blunt, paired left and right, curved. For 
probing furcations. 


<> Nabers 2N probe in buccal furcation. 


¢ ZA 3 furcation probe similar to Nabers 2, but with 3, 
6 and 9mm markings and colour coding. 


Furcation entrance points: Usea palatal approach to assess 
mesial and distal furcations of maxillary molars. 


Regardless of using calibrated or non-calibrated Nabers 
probe, studies have shown frequent over- and under- 
estimation of probing values. 


Radiographic diagnosis: 


It is easier to perform on mandibular molars. It is difficult in 
maxillary molars due to the overlap of palatal root which 
may mask the bony changes. 


Hardekopf et al have reported that triangular 
radiographic shadow (furcation arrow) in a maxillary 
molar indicates presence of class 2 or 3 Fl. The absence 
of furcation arrow does not mean that bony FI is absent. 


Ross and Thompson have reported that FI as more 
frequently identified in maxillary molars by radiographs 
whereas mandibular molars were detected with clinical 
examination. 


The presence of radiolucency in the furcation area 
indicates periodontal diseases. However, it could also be 
due to trauma from occlusion and endodontic pathology 
with accessory canals. 
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“CBCT could be useful for furcation involvement 
periodontal cases but it should only be used in cases where 
clinical evaluation and conventional radiographic imaging 
do not provide the information necessary for an adequate 
diagnosis and proper periodontal treatment planning.’( 
Haas LF et al. 201 7) 


Problems in treatment of furcation: 


It has always been a challenge to manage such lesions. 


An inadequate closure is usually associated due to 
mechanical rupture of fibrin clot at the root surface. After 
rupture, epithelium migrates into the defect and prevents 
the attachment of new connective tissue. 


The complex and irregular anatomy can alter the response 
to periodontal therapy. The location and inability to achieve 
adequate plaque control can affect the outcome. The root 
surface can act as a site for calculus build-up and a source 
for bacterial toxins thereby delaying the healing. 


Anatomy of bony defects: 


@ The form of bony lesions associated with the furcation 
may vary significantly. 


@ Multi-walled defects / vertical defects- are good 
candidates for regenerative therapies. 


@ Horizontal defects; resective therapies. 


@ Molars with advanced attachment loss on only one 
root may be treated by resective procedures. 


Gingiva: 
The presence of sufficient attached gingival tissue and 


adequate vestibular depth will facilitate the gingival 
management of the furcation area. 


Treatment of furcation lesions: 


The principles of treating furcation involvement can be 
broadly discussed as three topics, 


¢ Conservative treatment — surgical and non-surgical 
methods to debride the furcation area 


@ Resective treatment 
@ Regenerative treatment 


Tunneling is considered as a conservative treatment though 
it includes removal of bone and tooth structure within the 
furcation area to increase access for plaque removal. 
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Table 28.2: Treatment options for molar furcation involvement 


Glickman’s Grade 


Mandibular Teeth 





Maxillary Teeth 


Grade | 
Grade Il 
— osseous grafts 
Grade Ill Success with regenerative 
techniques is limited 
Grade IV 


Conservative approach: 


Studies have reported that molars with Fl have poor results 
than single-rooted teeth or molars without FI. 


Molar Furcation sites respond less favourably than flat 
molar surfaces and non-molar sites. Higher prevalences of 
Pgingivalis in furcation sites than non-molar sites. Higher 
amounts of calculus was noted in furcation areas. 


Treatment modes include Supragingival and subgingival 
scaling, open or closed curettage, occlusal correction with 
coronal reshaping, and periodontal surgery of soft tissues — 
gingivoplasty/gingivectomy and oral hygiene instructions. 


The response to therapy was grouped on the basis of the 
number of teeth lost after therapy. The 3 categories are 
a Well-maintained group (lost |-3 teeth), Downhill group 
(lost 4-9 teeth) and extremely downhill group (10-23 
teeth). 


Kalkwarf et al assessed 4 types of therapy — supragingival 
scaling, root planing, modified VWidman flap surgery and flap 
surgery with ostectomy. They reported that flap surgery 
with bone resection reduced pocket depth significantly but 
ended with higher attachment loss post-operatively. Other 
3 types of therapies produced gain in probing attachment. 
Root planing was the most effective in preserving vertical 
and horizontal attachment. 


Schroer et al reported that both closed and open 
debridement led to reduction in pocket depth. 


Use of chemotherapeutic agents along with debridement 
had been tried to improve the treatment outcome in cases 
with furcation involvement. The drugs used for application 
or irrigation included metronidazole/tetracycline or 
immobilization with tetracycline containing fibers. 
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¢ Conservative periodontal therapy; Scaling, curettage, gingivectomy and odontoplasty. 


¢ Scaling, curettage, gingivectomy, odontoplasty, flap surgeries and regenerative procedures 


¢ Regenerative techniques 


¢ Resective techniques including ostectomy/ osteoplasty, root amputation 


@ Deep furcations which are narrower for conventional 
curettes could be accessed with ultrasonic inserts or 
rotary diamond burs. 


@ Grade Il and Ill furcation areas were difficult to access 
and debride with instruments. 


@ Experienced operators with an open _ surgical 
approach in combination with a diamond bur could 
achieve efficient calculus removal. 


@ Scaling and root planing combined with flap surgery 
is more effective in calculus removal. 


@ Closed scaling and root planing could preserve 
the existing attachment level; improve bone 
remineralisation but less reduction in pocket depth. 


Tunneling; 


Tunnel Preparation: A surgical procedure performed on a 
multirooted tooth, usually a mandibular molar, resulting in 
a completely opened furcation to provide access for oral 
hygiene. (Glossary of Periodontal Terms — 2001) 


It is an alternative to root resection and hemisection 
that has been used to treat class Il and class III furcation 
involvement in two-rooted teeth such as mandibular 
molars. 


This is the process of deliberately removing bone from the 
furcation to produce an open tunnel through the furcation. 
The result is to produce what Glickman would classify as 
grade IV furcation. 


The main advantage is to avoid the need for prosthetic 
reconstruction or endodontic therapy in mandibular first 
molars. Sometimes it could be applied in maxillary molars. 


This procedure can be done only when the FED is wide 
enough and located coronally to enable easy cleaning. 
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Hence, the furcation area could be cleaned by the patient 
using an interdental toothbrush. 





Fig. 28.6 Tunneling 


Hamp et al. reported that 4 out of 7 teeth treated with 
tunnelling developed root caries within 5 years post- 
operatively. However, Hellden et al. reported that tunnel 
preparation had a considerably better prognosis. 


Odontoplasty and osteoplasty: 


Osteoplasty is a shaping procedure for any bony defect. 


Odontoplasty provides a means of reducing the 
immediate bifurcation ridge and the extent of dome over 
the furcation, thereby reducing the volume of the 
furcation defect. 


The objective is to eliminate plaque retention areas, 
thus improving access to cleaning and allow formation of 
a new dento-gingival union without compromising the 
periodontal support. 


Grade | furcation involvement usually exhibits a 
suprabony pocket. The destructive process is in_ its 
incipient stage. In treatment of these early furcation 
involvements, the facial groove is_ eliminated by 
reshaping the tooth to _ reduce _ post-operative 
accumulation of plaque and debris. 

It is also performed during the clinical crown lengthening 
surgery to increase the supra-alveolar area. 

It consists of reducing tooth structure to modify 
irregularities caused by oblique sub-gingival fractures or 
cavities and to preserve the height of the remaining 
crown, thus eliminating the need for extraction. 


HEMISECTION: 


It is a procedure by which one root and its corresponding 
crown portion are cut and removed. 


HEMISECTION: The surgical separation of a multi-rooted 
tooth, especially a mandibular molar, through the furcation 
in such a way that a root and the associated portion of 
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the crown may be removed or restored. (Glossary of 
Periodontal Terms — 2001) 


A selection of the tooth for hemisection depends on these 
factors. 


@ Angulation. 
Position. 


Divergence of the roots. 


4 
4 
@ Feasibility of endodontic procedure. 
@ Length and Curvature of roots. 
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Advanced bone loss around one root and good bone 
around another. 


Root resection or root amputation: 


Root-resective therapy is a _ predictable treatment 
option for molars with advanced furcation involvement. 


Root amputation: The removal of part or all of a root 
from a tooth. (Glossary of Periodontal terms,2001) 


Root resection: Surgical removal of all or a portion of 
a tooth root. (Glossary of Periodontal terms,2001) 


The removal of a root without the removal of 
any portion of the crown is termed as root resection or 
root amputation. 


It also refers to removal of one or more roots of 
multirooted tooth while other roots are retained. 


It is a technique used in maxillary molars by removing 
one of the 3 roots in order to eliminate the furcation 
problem and to achieve good access for plaque control. 
Radisection is a newer term applied for such instances. 


lt was introduced in 1884 by Farrar and reintroduced 
by Messinger and Orban in 1954. It is used for 
combined periodontal-endodontic lesions and bone 
loss with periodontal disease. 


¢ Vital-root resection: root resection without 
prior endodontic therapy is called vital root 
resection. 


¢ Non-vital root resection: In most cases of root 
resection, the endodontic therapy is accomplished 
first, and root resection follows. This is called as 
non-vital root resection. 


Green had reported that 41 of IOI maxillary molars 
that underwent root amputation were removed before 8 
years. 
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Derks et al in a retrospective study found that molars 


after root resection had a median survival time of 20 years. 


Moreover, mandibular molars had a significantly lower 
relative risk of loss than maxillary molars and showed a 
survival probability of almost 80% even 20 years after root 
resection. 


Indications: 
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Severe vertical bone loss on one root of a multi-rooted 
tooth not amenable to regeneration/reattachment. 


Furcation invasion is not’ correctable by 
odontoplasty. 


Proximal furcation in combination with root 
approximation. 


Furcation invasion that is not maintainable. 


Periodontally involved abutment teeth with a hopeless 
prognosis associated with one root. 


@ Vertical or horizontal root fracture. 


Untreatable root dehiscence. 


@ When endodontic therapy is impossible on one root 


of a multirooted tooth. 


Contra-indications: 
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Advanced bone loss with an unfavourable crown to 
root ratio. 


@ Fused roots that cannot be separated. 


@ If endodontically inoperable canal would be retained. 


lf the remaining root or roots would be inadequate 
to serve as a prosthetic abutment. 


@ If indicated splinting cannot be performed. 


@ When periodontal support after resection is 


4 


inadequate to withstand normal occlusal forces. 


Inability to create a good postsurgical gingival 
environment. 


If socioeconomic conditions preclude necessary 
treatment procedures. 


In the presence of inadequate oral hygiene. 


Root selection: 


Successful treatment outcome depends on proper case 
selection. The factors that determine the root to be 
resected include, 
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@ Angulation and tooth position in the arch — a molar 
that is tilted buccally/lingually/mesially/distally tilted 
cannot be resected. 


¢ Divergence of roots — teeth with divergent roots 
are easier to resect than those with approximate or 
fused roots. 


@ Length and curvature of roots — long, straight roots 
are favourable than short, conical roots. 


@ Ease of plaque removal — difficult access should be 
resected. 


@ Ease of treatment — compromised endodontic/ 
restorative treatment should be resected. 


@ Bone support -— roots with inadequate support should 
be resected. 


Procedure: 


@ Under local anaesthesia, probe the area to determine 
the extent and the outline of alveolar bone destruction 
around the root to be removed. 


@ Elevate a mucoperiosteal flap. 


@ With contra-angle handpiece and a crisscross bur, 
severe the root where it joins the crown. Remove 
the root. 


@ Witha stone ora diamond point,smooth the resected 
root stump and contour the tooth to create an easily 
cleansable area. 


@ Scale and plane the root surfaces, which become 
visible and more accessible when the root is removed. 
This is most critical part of the treatment. 


@ Clean the area, replace the flap, suture and cover with 
a periodontal pack. 


Complications: 
@ Pain and anxiety during and after surgery. 
@ Reshaped root surfaces are prone for caries. 


@ Failure in endodontic therapy can lead to failure of 
this procedure. 


@ Periodontal disease of the resected/reshaped 
abutment can affect treatment outcome. 


Periodontics & Oral Implantology As) 


CHAPTER 





Chapter Outline: 


¢ Types of occlusal forces: 
e Parafunctional habits: 
— Bruxism: 
— Trauma from occlusion 
— Acute trauma from occlusion. 
— Chronic trauma from occlusion. 
— Tissue response to increased occlusal forces 


Occlusal disease is described as a specific disease entity. It 
is a process resulting in the noticeable loss or destruction 
of the occluding surfaces of the teeth. This disease could be 
precipitated by parafunction or bruxism. 


As the early changes of occlusal disease are subtle, it is hard 
to diagnose.With changes in diet and chewing patterns, wear 
on occlusal surface could be a sign of occlusal disease. 


Abrahamsen described numerous causes for loss of tooth 
structure including bruxism. Each cause has a pathogno- 
monic pattern of destruction which helps in its diagnosis. 


Types of occlusal forces: 
Teeth and their supporting structures are subjected to 
severe occlusal forces up to 50kg during mastication. 
@ Physiologically normal occlusal forces: 
<> It occurs in chewing and swallowing: 
<> Usually small and rarely exceeds 5N. 


<~ It has a positive stimulus to maintain the 
periodontium in a healthy and functional state. 


@ Impact forces: 


<> High but of short duration. 
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— Trauma from occlusion and periodontitis 
— Trauma from occlusion and implants 
— Trauma from occlusion and gingiva 
— Treatment of trauma from occlusion: 
Tooth mobility. 
Non-carious cervical lesion: 
Review questions 


<> Periodontium can sustain high forces for a short 
period. When it exceeds the visco-elastic buffer 
capacity of PDL fracture of tooth and bone 
results. 


@ Continuous forces: 
<> Very low forces like orthodontic forces 


<> It is continuously applied in one direction and 
effective in displacing a tooth by remodelling of 
alveolar bone 


¢ jiggling forces: 
<> Intermittent forces in two different directions. 


<> Maybe due to premature contacts on crowns, 
fillings 


<> They result in widening of alveolus and increased 
mobility in healthy periodontium. 
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PARAFUNCTIONAL HABITS: 


It is a disordered function. These are usually seen in 
children, adolescents and adults. In children, they manifest 
as bruxism, nail biting, non-nutritive sucking and others 
which can contribute to temporomandibular disorders. 


PARAFUNCTION: Abnormal function, as __ in 
bruxism. (Glossary of Periodontalterms, 2001) 
HABIT: An act that has become a_ repeated 


performance, almost automatic, such as bruxism or 
tongue thrusting. (Glossary of Periodontal terms, 2001) 


PARAFUNCTIONAL HABIT: Characterized 
by abnormal function, such as bruxism. (Glossary of 
Periodontal terms, 2001) They are outside the range of 
functional activity. 


PERNICIOUS HABIT: Capable of damaging or 
destroying body tissues.(Glossary of Periodontal terms, 
2001) 


Bruxism: 


The term “la bruxomanie” was first introduced by Marie 
Pietkiewicz in 1907. It was first described in 1965 as a 
disorder characterized by grinding and clenching of teeth. 
Bruxism (Gr. Brychein—to gnash the teeth) is a word 
roughly used to describe a collection of oral parafunctional 
habits. 


Bruxism is classified as a parafunction because it does not 
have any functional objective like mastication, phonation,and 
swallowing. 


lt is the most common parafunctional activity with 
unconscious clenching, grinding, bracing and gnashing of 
teeth when the individual is not chewing or swallowing. 
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DEFINITIONS AND TERMINOLOGY: 


BRUXISM (Tooth Grinding, Occlusal Neurosis): A 
habit of grinding, clenching, or clamping the teeth. The 
force so generated may damage both tooth and 


attachment apparatus.(Glossary of Periodontal Terms, 
2001) 


Bruxism is defined as ‘the parafunctional grinding of 
teeth’, and as ‘an oral habit consisting of involuntary 
rhythmic or spasmodic nonfunctional gnashing, grinding 
or clenching of the teeth, in other than chewing 
movements of the mandible, which may lead to occlusal 
trauma’ (Glossary of Prosthodontic Terms, 8°" ed., 2005) 


Bruxism is “involuntary, non-functional, rhythmic 
or spasmodic gnashing, grinding and clenching of teeth 
(not including chewing movements’ of _ the 
mandible)” (Dorland, 2003). 


Bruxism is a_ stereotyped oral motor disorder 
characterized by sleep-related grinding and/or clenching 
of the teeth. (The American Academy of Sleep Medicine) 


The definition was extended to the same movements 
that occur during wakefulness. (American Academy of 
Orofacial Pain) 


Static and dynamic _ activities into “centric 
bruxism” (clenching) as opposed to “bruxism” (grinding) 
(Klineberg, 1991) 


Bruxism: ‘An oral activity characterised by grinding 
or clenching of the teeth during sleep, usually associated 
with sleep arousals’. |CSD-2 


‘Diurnal or nocturnal parafunctional activity including 
clenching, bracing, gnashing and grinding of the teeth’ 
— OFPG-4 


Bruxism can be defined as habitual, forceful non- 
functional contact between occlusal tooth surfaces,is 
involuntary, excessive grinding, clenching or rubbing of 
teeth during non-functional movements of masticatory 
system. 


Bruxism is described as a non-functional contact 
of mandibular and maxillary teeth often resulting in 
the clenching or grinding of teeth. This dyskinesia often 
occurs during sleep although it also may occur while 
awake. 


It can also be defined as a diurnal or nocturnal 


parafunctional oral activity. 
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Bruxism is a repetitive jaw-muscle activity characterized 
by clenching or grinding of the teeth and/or by bracing 
or thrusting of the mandible. Bruxism has two distinct 
circadian manifestations: it can occur during sleep (indicated 
as sleep bruxism) or during wakefulness (indicated as awake 
bruxism). (Lobbezoo et al.) 


Etiology: 


The pathophysiology of bruxism is still under debate, and 
exact aetiology is unknown. Many authors claim a multi- 
factorial cause. 


Older theories include occlusal discrepancies with reflex 
contraction of jaw muscles. There is a “central bruxism 
generator complex” which modulates and control the 
pattern of bruxism by interactions with motor, limbic and 
autonomic systems. 


lt could be a manifestation of arousal response and thus 
link sleep-related bruxism as a sleep disorder. 


lt is seen in younger children as a consequence of immature 
masticatory neuromuscular system. 


It can also be seen in brain injuries, endocrine dysfunction, 
neurodegenerative diseases and mental retardation. 


Studies show that alterations in brain chemistry like 
dopaminergic system dysfunction in  WHuntington’s 
disease, Cranio-cervical dystonia, and Parkinson’s disease. 
Dopaminergic drugs like bromocriptine and levodopa 
could alleviate bruxism. 


There is difficulty in differentiating bruxism with 
instrumentation and diagnosed or self-perceived bruxism. 


In adolescents and adults, it could be attributed to 
cigarette smoking, alcohol, illicit drugs, trauma, disease, 
medication, psychologic factors like stress and personality, 
anxiety, morphologic factors like dental occlusion, occlusal 
discrepancies and anatomy of orofacial skeleton. 


Types of bruxism: 


¢ Idiopathic bruxism: It includes clenching, 
grating and nocturnal bruxism not related to 
neurologic or psychiatric disorders. 


@ Clenching: It is a type of bruxism. It is a non- 
functional, intermittent, forceful application of the 
mandibular teeth against the maxillary teeth. It is 
sometimes referred to as centric bruxism. 
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Masticatory System Disorders ) 


urnal bruxism/ Awakebruxism — 
Prevalence is 20% 


Seen in awake individuals as voluntary or semi- 
voluntary jaw clenching 


Has clenching type activity and is associated with 
psychosocial factors and _ psychopathological 
symptoms. 


Little or no sound during clenching 


Patients who do bruxism in daytime. 


¢ Sleep bruxism/ Nocturnal bruxism— 


<> 


<> 
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It is defined as sleep-related movement disorder 
characterized by grinding and/or clenching of the 
teeth during sleep and associated with arousal 
responses. 


Sleep bruxism (SB) is defined as a stereotyped 
movement disorder occurring in sleep, frequently 
associated with tooth grinding. 


Prevalence is 8% 


lt can start by age of one year along with eruption 
of deciduous incisors. 


It shows both grinding-type and clenching-type 
activity. 


Associated with loud, involuntary grinding 
Seen in patients who grind their teeth at night. 


It is more frequently seen than other types of 
bruxism. 


It could be a physiological attempt at increasing 
respiratory oxygenation, as jaw _ protrusion 
widens the pharyngeal space, and rhythmical jaw 
movements can influence the airway. 


It is associated with complex micro-arousal 
phenomena occurring during sleep. It is classified 
as a parasomnia, it is not a primary disorder of 
sleep, but a disorder intruding into or occurring 
during sleep. 


Polysomnography (recording with 
electrophalometry, electromyography, electro- 
oculography, respiration, pulse, blood pressure 
and cardiac output by ECG) to assess the onset 
and episodes of bruxism in sleep. 
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<> Magneto-encephalography had detected event- 
related desynchronization in somatomotor area. 


~ It is associated with 
masticatory muscle activity 


rhythmic/exaggerated 


@ Juvenile bruxism 


<> Self-limiting condition that does not progress to 
adult bruxism. 


Prevalence is 7 to 15.1%. 


Prevalence of tooth grinding during sleep declines 
over time. 


More frequent in girls. 


> $4 


They clench their teeth throughout the day. They 
gnash and clench during sleep. 


It is a chronic process that is characterized by the 
transmission of broad forces onto dental hard tissue over 
many years. 


Theories of bruxism: 


Peripheral causes: 


This etiological model is based on the theory that 


malocclusion results in reduced masticatory muscle tone. 


In the absence of occlusal equilibration, motor neuron 
activity of masticatory muscles is triggered by periodontal 
receptors. During occlusion, mandibular and maxillary 
teeth briefly make contact so that receptors on both 
tooth rows become activated for a short time. If the load is 
evenly distributed on all teeth receptors, send information 
that the mandible is in physiological position and is in 
equilibrium. In malocclusion, there are premature and 
one-sided contacts and receptors may trigger retraction 
of mandible by muscle activity, which continues till a 
physiological position is achieved. 


Ramjford proposed that bruxism is caused by discrepancies 
between retarded, balanced and habitual contact positions. 
However, this theory could not be proved by clinical studies, 
as bruxism symptoms could not be abated by altering 
occlusion. 


Central causes: 


Central disturbances in the area of the basal ganglia,sleep- 
related dysfunctions can cause bruxism. It can occur during 
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different stages of sleep, parasomnia, sleep walking, talking 
or enuresis. 


Activation of neural plasticity can alter the relationship 
between inhibition and excitation of neurotransmitters 
like dopamine. Changes in dopaminergic system leading to 
hyperand hypo-states could induce bruxism. 


Alterations in frontal lobe like hypo-perfusion could be 
related to bruxism. 


Psychosocial causes: 


It includes nervous tension, stress, frustration, anger, 
emotional tension, repressed aggression, fear, and anxiety. 
Tobacco use may amplify the pain response of the patient 
and provoke bruxism. 


Clinical features: 
@ It is a common tooth-tooth habit. 
@ It consists of clenching and grinding of teeth. 


@ It usually occurs without any signs or symptoms. It 
could be noted by the dentist by oral examination or 
complaints about night grinding sounds from family 
member or roommates. 


@ This tooth movement is produced by rhythmic or 
sustained—tonic contractions of the masseter and 
other jaw muscles. Bursts occur in Stage Il or REM 
(Rapid Eye Movement) sleep. 


@ Occlusal irregularities result in abnormal wear 
patterns on the teeth and periodontal breakdown. 


@ It is considered as a symptom of anxiety, depression 
and mood disorders. It may be _ associated 
with body movements, periodic limb movements, 
altered sleep patterns, general motor restlessness, 


daytime sleepiness, snoring, mouth-breathing, 
gasping and choking during sleep, hyperactivity, 
bedwetting, excessive sweating during _ sleep, 


failure to thrive, hormonal and metabolic problems. 
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Fig. 29.2 Abnormal wear pattern seen in a habitual Bruxer 


(Courtesy Dr. Peeran.SA) 


The following are the clinical features associated/caused by 
bruxism: 
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Tooth damage —Attrition and abnormal wear patterns 
on teeth. According to American Sleep Disorders 
Association, presence of tooth injury is one of the 
criteria for severe bruxism. 


It is a common cause of attrition. 

Chipped enamel. 

Fracture of cusps and prosthesis 

Teeth sensitive to biting. 

Pulpitis and pulp necrosis 

Widened periodontal ligament spaces-Radiographs. 
Periodontal breakdown and tooth hypermobility 
Injury to PDL 

Hypercementosis 

Temporo-mandibular disorders 

TMJ discomfort. 


Pain in pre-auricular area, TMJ or muscles of 
mastication. 


Limitation and deviation in mandibular range of 
motion 


TMJ sounds — Clicking, Popping, Crepitus during 
mandibular function, Jaw locking 


Myofascial strain, soreness, fatigue or fibrosis, 
hypertonicity of masticatory muscles. 


Capsulitis and adhesions within TM}. 
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Muscle hypertrophy and muscle pain 
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@ Swallowing and speech difficulties 
@ Dry mouth 
@ Cheek biting 


@ Temporal headaches, neck ache, ear-ache and other 
facial pains 


@ Depression 


Assessment of bruxism: 


Diagnosis is usually based on functional loading of 
masticatory system. 


@ Evaluation is by visual examination for dental attrition 
by ordinal scale, occlusal appliances, study casts and 
digital image analyzer. Use of dental casts can enable 
a detailed assessment of occlusion, identification 
of facets and tooth wear than with just intraoral 
inspection. 


@ Another method is by questionnaires. As the 
patient is unaware of parafunction during sleep, it 
is under-reported It is usually done with a standard 
questionnaire to indicate the frequency of bruxism 
(0 = never to 3 = very often) and the nature of 
bruxism, 


<> Awaken with an awareness of their jaw, as though 
they had clenched their teeth together in their 
sleep. 


<> Have sore muscles from biting their teeth 
together 


<> Brux their teeth at night. 


@ Electromyographic studies could also be done to 
assess masticatory muscle activity. However, it may 
not be specific for bruxism. 


Measurement of tooth wear: 


The magnitude of tooth wear could be attributed to 


density of enamel, quality of saliva, dietary factors, and 
acid regurgitation. Tooth wear may not be evident during 
initial phases of bruxism. Assessment may not differentiate 
between various types of bruxism. Presence and severity 
of wear facets was described by Johannson and Omar. 


Pullinger et al. gave a severity score. 
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Score 0 — No wear 


Score | — Minimal wear on the tip of the cusp or occluding 
planes or on the incisal edges. 


Score 2 — Flattening of cusps or grooves 


Score 3 — Total loss of contour or dentin exposure when 
identifiable. 


Management of bruxism: 


@ Patient and /parent education. 


¢ Occlusal adjustment of dentition, restoration of 


tooth surfaces and contours, along with hard and soft 
occlusal splints, interocclusal appliances, and palatal 
control device. 


If prosthesisis planned for patients with bruxism, 
heavy occlusal loading should be reduced to prolong 
the life of the prosthesis. 


@ Medications like benzodiazepine, L-dopa, 
propranolol, Serotonin-selective re-uptake inhibitors, 
and gabapentin for people with poor sleep quality, 
metoclopramide that recovers dopaminergic flow. 


@ Psychological techniques, behaviour modification, 
hypnosis, relaxation, biofeedback training programs 


with contingent electrical stimulation. 
TRAUMA FROM OCCLUSION (TFO) 


When occlusal forces exceed the adaptive capacity 
of the tissues, tissue injury results and is called Trauma 
from occlusion. (Carranza) 


DEFINITIONS AND TERMINOLOGY: 


TRAUMA FROM OCCLUSION was defined by Stillman 
in I917 as “a condition where injury results to the 
supporting structures of the teeth by the act of bringing 
the jaws into a closed position”. 


TRAUMA FROM OCCLUSION is also defined “as 
damage in the periodontium caused by stress on the teeth 
produced directly or indirectly by teeth of the opposing 
jaw’. (WHO-1978) 

OCCLUSAL TRAUMA is defined as “microscopic 
alterations of periodontal structures in the area of 
periodontal ligament which become manifest clinically in 


(reversible) elevation of tooth mobility”. (Muhlemann et 
al. 1956) 


Occlusal trauma is defined as an injury to any component 
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of the masticatory system as a resultof an alteration in 
the occlusion that could generate an_ inflammatory 
process in periodontal ligament and dental pulp.(Hallmon 
1999) 


TRAUMATOGENIC: Capable of producing a wound 
or injury.(Glossary of Periodontal Terms - 2001) 


Traumatogenic occlusion: Injury resulting in tissue 
changes within the attachment apparatus as a result of 
occlusal forces. (Glossary of Periodontal Terms - 
2001)The term was suggested by HK Box. 


Traumatic occlusion: is an occlusion that produces 
injury to the attachment apparatus. 


An abnormal contact of the teeth, a masticatory 
system dysfunction, and prosthetic or orthodontic 
treatments that create occlusal interferences are the 
common provocateurs of traumatic occlusion. (Yegin et 
al.) 


OCCLUSAL TRAUMA: Injury resulting in tissue 
changes within the attachment apparatus as a result of 
occlusal force(s).(Glossary of Periodontal Terms - 2001) 


PRIMARY OCCLUSAL TRAUMA: Injury 
resulting in tissue changes from excessive occlusal 
forces applied to a tooth or teeth with normal 
support.(Glossary of Periodontal Terms - 2001) 
SECONDARY OCCLUSAL TRAUMA: Injury 
resulting in tissue changes from normal or excessive 
occlusal forces applied to a tooth or teeth with reduced 
support.(Glossary of Periodontal Terms - 2001) 
OCCLUSAL TRAUMATISM: Functional loading of 
teeth, usually off-axis, that is of sufficient magnitude 
to induce changes to the teeth (e.g., fractures, wear) 
or supporting structures. Changes may be temporary 
or permanent. (Glossary of Periodontal Terms - 2001) 

lt can be confirmed only by histology and should be 
correlated only by clinical and radiographic indicators. 
Effect of occlusal forces on periodontium is influenced by 
the components of force: 


Magnitude/Degree: it is the amount of force. 


Direction: it is where the force is applied. 
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@ Duration: is how long the force is applied. 

@ Frequency: it is how often the force is applied. 
4 


Distribution: it is how the force is spread over. 
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When the occlusal forces that are created by occlusion 


Surpass the adaptive capacity of the periodontium, 


periodontal tissue injury takes place. 


Force 






Periodontium 


Fig. 29.3 Physiologic adaptive capacity of periodontium 
and occlusal forces: 


Classification of trauma: 


It can be classified based on the amount of periodontium, 


based on onset, 
Based on the amount of periodontium: 
Primary occlusal trauma/Primary trauma from occlusion 


Injury resulting in tissue changes from excessive occlusal 


forces applied to a tooth or teeth with normal support. 


(Glossary of Periodontal Terms, 2001). 
It occurs in the presence of 
@ Bone levels: Normal bone levels 
@ Clinical Attachment level: Normal attachment levels 
<> Normal height of periodontium 
forces 


@ Occlusal forces: Alteration in occlusal 


-excessive Occlusal Forces. 


When TFO is the result of alterations in occlusal forces, 
it is called primary trauma from occlusion. 


Features: 
@ Does not alter the connective tissue attachment. 
@ Does not initiate periodontal pocket formation. 
Aetiology: 
@ latrogenic causes: 
<> High filling. 


<> Faulty Prosthetic 
prosthetic design. 


replacement/Improper 
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<> Improper orthodontic treatment: Orthodontic 
movement of teeth into functionally unacceptable 
positions. 


@ Treatment needs: 
<> Failure to replace missing tooth/teeth. 


@ Parafunctional habits: 


<> Bruxism. 
<> Clenching. 
<> Biting on objects: Pen/pencil biting, finger nail 
biting 
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Primary Occlusal Trauma Secondary Occlusal Trauma 
Fig. 29.4 Primary and secondary trauma from occlusion 


Secondary occlusal trauma/ Secondary trauma from 
occlusion 


Injury resulting in tissue changes from normal or excessive 
occlusal forces applied to a tooth or teeth with reduced 
support.(Glossary of Periodontal Terms - 2001) 


It occurs in the presence of 
@ Bone levels: Reduced bone levels 


@ Clinical Attachment level: Reduced clinical attachment 
levels. 


<> Normal height of periodontium 
@ Occlusal forces: Normal or excessive occlusal forces 


<> When trauma from occlusion results from 
reduced ability of the tissues to resist the occlusal 
forces, it is known as secondary trauma from 
occlusion. 
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Primary TFO 
Secondary TFO 


Fig. 29.5 Difference between Primary TFO and Secondary 
TFO 


Based on onset and duration: 


Acute Trauma from Occlusion: It is caused by an 
abrupt change in occlusal force. 


Etiology: 


@ Sudden occlusal impact/biting on hard point. e.g.: 


Olive pits, adulterant stones in food. 


@ latrogenic: Restoration (High filling) or prosthesis 
with high point. 


Features: 
¢ Cemental tears may be seen. 
@ Reversible changes. 
¢ Treatment is simple. It is often relieving the cause. 


Chronic Trauma from Occlusion: It is caused by a 
gradual change in the occlusal pattern resulting in 
excessive/altered occlusal force 
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@ It is the common form of trauma from occlusion. 
@ It develops over time. 
Etiology: 
¢ Parafunctional habits: bruxism, clenching. 
@ Tooth wear 
¢ Drifting of the tooth caused by missing tooth/teeth. 
@ Pathologic migration. 


Treatment: It is complex. 


Tissue response to increased occlusal forces: 


ADAPTIVE 
REMODELLING 


REPAIR 


INJURY 





Fig. 29.6 Tissue response to increased occlusal forces. 
STAGE I: INJURY 
@ Changes in occlusal forces cause injury. 
@ Repair attempted. 
@ Forces get diminished with time. 
@ Tooth drifts away from forces. 
@ Remodelling occurs if forces are chronic. 


¢ Varying degree of pressure and tension create varying 
degrees of changes. 


Table: 29.1 Slight pressure, slight tension and periodontal tissues. 


S.Nol Slight pressure Slight tension 


|. Periodontal ligament Widened periodontal ligament. 


2 Alveolar bone 


¢ Frontal resorption. 


3. Vascular changes Blood vessels 


¢ Resorption of bone. 


Periodontal ligament fibres elongate. 


Apposition of bone. 


Blood vessels enlarge. 


e Increase in number. 


¢ Reduce in size. 
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Table: 29.2 Greater pressure, greater tension and Periodontal tissues. 


Greater tension 





Greater pressure 


|. | Periodontal ligament » 
fibres. 


Compression of periodontal ligament 


Tearing of periodontal ligament fibres. 


¢ Hyalinization of principal fibres. 
¢ Necrosis changes in areas periodontal 


ligament. 


2: Alveolar bone ° 


¢ Undermining resorption. 


Marked resorption of alveolar bone. 


Resorption of alveolar bone. 


¢ Cemental resorption may be seen. 


3. Vascular changes ¢ Hypoxia. 


¢ Fragmentation of erythrocytes. : 


¢ Thrombosis. 
Haemorrhage. 


¢ Disintegration of the blood vessels walls. 
¢ Extravasation of vascular elements. 


Note: 


@ Occlusal forces cause jiggling /back and forth type 
of motion and show no clear areas of pressure and 
tension. Hence often in the traumatic lesions changes 
associated with pressure and tension are seen. 


@ Undermining resorption/Rear resorption/Indirect 


bone resorption: Bone resorption takes place deeper 
in the marrow spaces behind the socket wall. 

<> Occurs under extreme force. 

<> Necrosis of the periodontal ligament takes place. 


@ Frontal resorption/direct bone resorption: Bone 
resorption occurs on the surface of the socket. 


Stage II: Repair 
@ Repair occurs as long as reparative capacity exceeds 
traumatic forces. 


¢ BUTTRESSING BONE: Marginal linear aspect 
of bone, which may be formed in response to 
heavy occlusal forces. (Glossary of Periodontal terms, 
2001) It is commonly seen in the reparative stage of 
trauma from occlusion. 

¢ Peripheral (Lipping) buttressing bone: Shelf- 
like thickening of the alveolar margin on the 
external surface. It gives a bulbous contour to the 
buccal or the lingual plate. 

¢ Central buttressing bone: Bone formation occurs 
within the jaw along the endosteal surface of 
trabeculae. It does not alter the morphology of the 
bone. 
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Stage III: Adaptive Remodelling of Periodontium: 


Forces exceed repair capacity; periodontium is remodelled. 
With remodelling, forces may no longer be injurious to 
the tissues. The bone resorption and formation return to 
normal levels. With remodelling, the following features can 
be noticed 


@ Thickened periodontal ligament. 
@ Funnel-like periodontal ligament space at crest. 
@ Angular bone defect. 
@ Loosening of teeth/Mobility remains. 
@ No pocket formation. 
Effects of insufficient occlusal force (hypofunction): 


Insufficient occlusal force may also have detrimental effect 
on periodontium leading to 


@ Thinning of periodontal ligament. 
¢ Atrophy of periodontal ligament fibres. 


@ Decreased alveolar bone quality: Osteoporosis of 
alveolar bone 


@ Decreased alveolar bone quantity: Reduced alveolar 
bone height 


Hypofunction is caused by 
@ Malocclusion: open bite. 


@ Opposite of functional 


antagonist. 


Missing teeth/absence 
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@ One-sided/unilateral chewing habit. 
Trauma from occlusion and periodontitis: 


Karolyi (1901) postulated a relationship between trauma 
from occlusion and alveolar pyorrhea. Stillman, (1917, 
1926) indicated that excessive occlusal force was the 
primary cause of periodontal disease. Early authors 
believed that occlusal forces were the initiating factors for 
periodontal disease and led to its progression. By late 
1930s, practitioners believed that excessive occlusal 
forces were a causative factor in periodontal disease 
and occlusal discrepancies should be prophylactically 
treated to prevent periodontal disease. 


However, other researchers have _ disputed _ this 
concept using much of the scientific material derived for 
the study of trauma from occlusion is from animal 
studies in rats, sheep, monkeys, beagle dogs and analysis 
of human autopsy material. 


Orban and Weinmann using human autopsy material 
concluded that there was no relationship between 
occlusal forces and periodontal destruction. 


Waerhaug et al found that vertical bone loss had no 
relationship with excessive occlusal forces. Lindhe et 
al. and Polson et al. reported that excessive occlusal 
forces in the absence of plaque-induced inflammation 
showed loss of bone density and mobility of affected 
tooth but showed no evidence of attachment loss. 


Glickman’s Concept/Theory of Co-Destruction: 
(1965) 


They described “altered pathway of destruction” under 
excessive occlusal forces. There was a _ change in 
orientation of periodontal and __ gingival fibres 
allowing = gingival inflammation to extend into the 
periodontal ligament. This inflammation from _ the 
periodontal pocket spreads into the alveolar bone mainly 
along perivascular routes. 


Glickman claimed that 
@ The pathways of spread of inflammation are altered in 
the presence of trauma from occlusion. 


@ Plaque associated lesion — horizontal bone _loss/ 
Suprabony lesion. 


@ Plaque-associated lesion along with trauma _ from 
occlusion -  vertical/angular bone _loss/Infrabony 
lesion. 


@ He divided periodontal structure into two zones: 
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@ The zone of irritation (marginal gingiva and interdental 
gingiva): Plaque induces gingival inflammation. 


@ The zone of co-destruction (periodontal ligament, 
cementum, alveolar bone, apical parts of dentoalveolar 
fibres and Transseptal fibres): Trauma from occlusion 
induces changes in this zone. 


Conclusion: Occlusal trauma is an aggravating factor (co- 
destructive factor) in periodontal disease. 


WAERHAUG’S CONCEPT: (1979) 


Waerhaug measured the distance between the subgingival 
plaque and 


@ The periphery of the associated inflammatory cell 
infiltrate in the gingiva and 


@ The surface of the adjacent alveolar bone. 


He said 


@ Angular /vertical bone loss and infra-bony pockets 
have similar occurrence even at sites with no 
trauma from occlusion. 


@ The volume of the alveolar bone, the position 
of the plaque front on a tooth and that on the 
adjacent teeth dictates the shape of bone loss. 


Conclusion: 


@ The traumatic lesions are distinct from bone defects 
caused by periodontitis. 


@ No relation exists between occlusal trauma and 
plaque associated periodontitis. 


CURRENT CONCEPT: 


@ Marginal gingivitis is caused by plaque. (Trauma 
from occlusion does not affect the blood supply of 
gingiva) 

¢ Trauma from occlusion affects the supporting 
tissues/periodontal ligament (Trauma from occlusion 
obliterates the blood vessels in the periodontal 
ligament). 


@ When gingival inflammation spreads into the 
supporting periodontal tissue, trauma accelerates the 
progress and severity of bone loss. 
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Fig. 29.7 Trauma from occlusion and periodontitis 
- The interrelationship 





@ With elimination of trauma from occlusion bone loss 
reverses. However, in the presence of inflammation, 
bone loss does not reverse. 


Changes in alveolar bone: 


Alveolar bone undergoes constant physiological remodelling 
in response to occlusal forces, and a certain degree of 
mechanical stress is essential to maintain bone volume 
and structure. Forces exerted on the tooth influence the 
number, density and alignment of cancellous trabeculae. 


Mechanical loading can stimulate ananabolic response in 
osteoblasts by acting with cytokines, growth factors, and 
hormones. This is called Mechanotransduction. This cellular 
response depends on the type, magnitude and direction of 
the mechanical strain. 


Normal occlusal force can stimulate alveolar bone and 
prevent resorption while traumatic occlusion can cause 
atrophy and resorption of alveolar bone. 


Traumatic occlusion stimulate 


expression in 


@ Osteoblasts (Wnt, TGF osteocalcin, ALPI, Collal, 
SPARC-related bone proteins, ODAM, AMBN, 
AMTN, MMPs) 


@ Osteoclasts (OPG, RANK-L, TGF M-CSF) in rats. 


Stress can influence the movement of tissue fluid with the 
bone matrix and communication among these cells. 


can specific gene 
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The reaction of trabecular bone is based on the intensity 
and direction of the forces acting upon it. Reduction in 
occlusal forces leads to reduction in number and thickness 
of trabeculae. Excessive occlusal force may alter alveolar 
bone density and height. 


Jonasson et al. suggested that masticatory muscle function 
could influence the bone mass and dimensions of alveolar 
bone. 


Panikorovski et al. examined simulated bruxism in 
laboratory animals and found changes in periodontal 
tissue, signs of resorption on_ dental alveolus, 
cementum, and dentin. Stahl et al found dental 
attrition and bone fenestrations. 


Walker et al reported abrasion of enamel surface, 
inhibition of alveolar bone apposition, significant formation 
of osteoclasts, upregulation of OPN and RANKL, which 
stimulate bone resorption in cases with traumatic 
hyperocclusion. 


Hanamura et al have reported that bruxism increases 
alveolar bone density. Ozcan has reported that during initial 
stages, tooth wear starts and bone apposition is inhibited. 
With flattening of tooth surface in later stages, leads to 
wider force distribution, stimulates bone generation and 
increases density of alveolar bone. This could be a reason 
for rarity of tooth wear and bone loss in the same patient. 


Alveolar bone height correlates positively with attrition 
and negatively with tooth mobility. Ozcan has reported 
that clinical attachment loss increases with tooth wear, due 
to elevation of CE] and compensated tooth eruption. 


Trauma from occlusion and Implants: 


@ Endosseous implants have no PDL but an intimate 
contact with implant-alveolar bone — Functional 
ankylosis. 


@ Implant failure can occur due to peri-implantitis and 
occlusal overload — biomechanical failure. 


@ Occlusal overload can lead to osseo-disintegration 
without any clinical changes. 


@ If there is implant mobility, the inference is the 
destruction of bone. 


Trauma from occlusion and Gingiva: 


@ Gingival recession may be provoked by direct contact 
of teeth with gingiva as in severe overbite. 
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include orthodontic treatment, 
Surgery or extensive prosthetic 


@ Treatment may 
orthognathic 
rehabilitation. 


@ Gingival recession can occur due to functional 
overload and premature contacts especially in 
maxillary canines if there is steep lateral canine 
guidance. 


@ Cervical surfaces show enamel Abfraction. 


Clinical indicators of occlusal trauma: 


@ Progressive tooth mobility is the characteristic 
feature. 


Buttressing bone formation (Lipping). 
Fractured tooth/teeth. 
Fremitus. 


Occlusal discrepancies. 
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Occlusal wear facets (occlusal/incisal areas worn 
by attrition called facets. They are generally seen in 
chronic trauma from occlusion) in the presence of 
other indicators. 


@ Pain: Pain on mastication. 

@ Thermal sensitivity. 

@ Tooth migration 

Radiographic signs/features: 

@ Periodontal space: 
<> Widening of the periodontal ligament space. 
<> Funnelling of periodontal ligament. 

@ Bone loss: 


<> Bone loss at Furcation: Alteration of the bone 
quality at the furcal area: angular bone defects. 


<> Bone loss at interdental bone: Angular/Vertical 
bone loss rather than horizontal. 


<> Bone loss resulting from periodontal occlusal 
trauma can be a co-destructive irreversible effect. 
(Junqueira RB et al.) 


<> Crescentic resorption of the alveolar crest 
around the tooth. 


@ Changes/Alteration in the density: 


<> Loss of the definition of lamina dura-Thickening 
of lamina dura. 
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<> Changes in morphology of alveolar crest 


<> Changes in density of surrounding cancellous 
bone 


e Hypercementosis. 
e Root resorption. 
Clinical Examination and Diagnosis: 


Table 29.3: Diagnosis of occlusal trauma 
Tooth Mobility. 


Fremitus test 


Abnormal occlusal tooth wear 


Diagnosis of 
Occlusal Trauma 


Tooth migration 

Radiogarphic signs 

Masticatory muscles-Hypotonicity/ 
Hypertonicity 


Thermal sensitivity 


FREMITUS/FUNCTIONAL MOBILITY: It is the 
vibration of tooth due to its own displacement created by 
the patient’s own occlusal force. 


Fremitus test: It is the assessment by palpation of 
the vibratory pattern of teeth when they are placed 
into contacting positions and movements. 


Procedure: 
A finger is placed on the labial surfaces of the teeth. 
@ Patient is asked to tap his teeth in ICP. 


@ Grind in lateral, protrusive and lateral protrusive 
contacting movements. 


@ It is easy to assess fremitus in maxillary teeth. 


@ In cases of edge to edge occlusion or where there 
is little overlap of the teeth, mandibular teeth can be 
assessed. 


Grading: 

Class I: Mild vibration is detected. 

Class II: Easily palpable but not visually detected. 
Class III: Movement can be visually detected. 


Without fremitus, it is impossible to indict occlusal contact 
as a Causative agent. 
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Occlusal trauma is difficult to diagnose. Progressive tooth 
mobility is an indicator. 


@ Relationship between opposing cusps is important 
for transmitting occlusal forces to periodontium. 
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@ Then, the patient is asked to continue closing the jaws 
until maximum contact between teeth is achieved. 
This is centric occlusion. This position is assumed 
to the most comfortable or habitual position of the 
patient. 


@ Occlusal examination should include mandibular 


@ Initial contact between teeth is detected by gently 


movements with teeth in contact. 


¢ The distance moved between retruded initial contact, 
and the point of maximum intercuspation is called 
centric relation/centric occlusion slide or CR/CO 


pushing the mandible into a retruded position so ahyite: 
that both condyles are firmly placed in the articular 
fossa of TM]. @ The patient should be encouraged to contact the 


upper and lower teeth in a protrusive position. 


@ Once in retruded position, the patient is asked to 


@ This contact is verified by visual examination or with 
articulating paper. This is described as_ centric 
relation. 


close the mouth till he feels the first contact 
between the teeth. 


Treatment of trauma from occlusion: 


Occlusal therapy is considered when tooth mobility 
is increasing, comfort or function are compromised, 
or periodontal regeneration procedures are planned. 
(Reinhardt & Killeen) 


Table 29.4: Treatment of Trauma from Occlusion 


ar Treatment of Trauma From Occlusion 
l. 


2 





Habit control: In case of presence any deleterious oral habits. 
OCCLUSAL GUARD (BITE GUARD; MOUTH GUARD; 


Selective grinding (Coronoplasty/Occlusal equilibration): can be attempted only as a last resort after complete 
resolution of inflammation. It is still not possible to determine the role of occlusal adjustment in periodontal 
treatment. The decision made by clinicians to do occlusal adjustment in conjunction with periodontal therapy 
hinges upon clinical evaluation, patient comfort, and tooth function. 

Splinting: A splint is any apparatus, appliance, or device employed to _ prevent 
mo-tion or displacement of fractured or movable parts. (Glossary of Periodontal Terms - 
2001) It is used in case of secondary trauma from occlusion. (read notes on splinting) 

Occlusal Rehabilitation: 

¢ Orthodontic therapy. 

¢ Replacement of missing tooth/teeth. 


Treatment outcomes: 


American Academy of Periodontology (1996) had Summary: 


proposed the outcome as follows: 
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Reduce/eliminate tooth mobility. 


Eliminate occlusal prematurity. 


@ Malocclusion may never be traumatic occlusion. 
¢ Trauma from occlusion 


e It does not increase the flow of gingival 


Eliminate parafunctional habits. crevicular flow. 
Prevent further tooth migration. e It does not cause gingivitis/periodontitis. 
Decrease/stabilize radiographic changes. e It is reversible. 
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TOOTH MOBILITY: The movement of a tooth in 
its socket resulting from an applied force.(Glossary of 
Periodontal Terms, 2001) 


Some degree of tooth mobility is always present in 
healthy dentition. It is termed physiologic (normal) tooth 
mobility. It is the result of PDL response to vertical and 
horizontal directions. It is different between single- root 
and multi-rooted teeth. It is determined by width, height 
and quality of PDL. 


In a vertical direction, the displacement is 0.02mm by 
small forces upto IN. Underlarger vertical forces, tooth 
moves in an apical direction pushes blood into the venous 
lacunae and cancellous bone. It takes |-2 minutes before 
the tooth returns to its normal position after releasing 
the applied occlusal force. Thus, tooth mobility is reduced 
after chewing and when the tooth is then in a more apical 
position. 


Muhlemann reported that this mobility among various 
teeth as 

@ Incisors: 0.1 to 0.12mm 

@ Canines: 0.05 — 0.09 mm 

@ Premolars: 0.08 — 0.1mm 

@ Molars: 0.04 to 0.08mm 
lt can be noticed in radiographs as a widening of periodontal 


space without vertical or angular bone resorption and 
without increased probing depth of periodontal pockets. 
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In pregnancy, there is increased mobility. It is due to 
increased fluid content of periodontal structures, increased 
vascularity and proliferation of capillaries in periodontium. 


Pathologic (Abnormal) mobility includes periodontal 
disease, periodontal surgery, occlusal trauma, pathologic 
processes affecting jaws/teeth like non-Hodgkin’s 
lymphoma, scleroderma, and Cushing’s syndrome. 


Hypermobility occurs in response to applied force and 
is dependent upon its direction, frequency, magnitude, 
distribution and type. 


Excessive occlusal forces or premature contacts on teeth 
are primary causes. 


Assessment of tooth mobility: 
Manual assessment:Horizontal and vertical displacement 
created by the examiner’s force. Usually examined by visual 


assessment, using two instrument handles to apply luxating 
force orofacially. 


Mobility Index(Miller): 
|. The first distinguishable sign of movement greater 


than normal (Physiologic) 


2. Movement of the tooth, which allows the crown 
to move Imm from its normal position in any 
direction. 


3. Teeth that may be rotated or depressed in their 
alveoli. (Terminal mobility) 
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Fig. 29.8 Clinical Management of Tooth Mobility 
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Grades of tooth mobility: 
@ Grade 0 — physiological mobility 


@ Grade | — increased mobility but less than Imm 
total. 


nN 


@ Grade 2 — pronounced increase, more than Imm in 
total. 


@ Grade 3 — more than Imm displacement combined 
with a displacement in vertical direction (Tooth can 
be intruded) 


Newer techniques for assessment of tooth 


mobility: 


Objective measurement uses mechanical, electronic 
devices, optical devices, and laser Doppler vibrometry. 


Newer devices like Periotest® — a device resembling dental 
handpiece helps in evaluation and monitoring tooth mobility. 
It also assesses the clinical success of dental implants. This 
device delivers a standardized percussive force. Recorded 
values range from 0 to 100 and correspond to time in 
milliseconds taken by the supporting structures to respond 
to impact deceleration. It thus calculates the rebound 
dynamics and damping characteristics of the periodontium. 
These instruments cannot be used in cases with acute 
inflammation, traumatic subluxation, and dental implants in 
initial phases of healing. 


NON-CARIOUS CERVICAL LESION: 


It is broadly defined as the loss of tooth substance that 
occurs in the absence of carious mechanisms at the 
cementoenamel junction of a tooth. 


@ They are more common with posterior maxillary 
teeth and premolars, especially first premolars, which 
had the highest prevalence of lesions.(Aw et al.) 


¢ Older patients were more likely to exhibit noncarious 
cervical lesions.(Aw et al.) 


Its aetiology is unclear. Two proposed theories include 
toothbrush abrasion and occlusal load. Noted in bruxism 
subjects with deflective occlusal contacts and increased 
loss of Class V restorations in these subjects. 


These lesions are usually associated with hypersensitivity. 
Classification: 


Abrasion — pathologic loss of tooth substance resulting 
from biomechanical wear and is exemplified by improper 
or overzealous toothbrushing. 
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¢ ABRASION: Wearing away of a substance or 
structure through an abnormal mechanical process. 
Examples include gingival and dental abrasions due 
to incorrect brushing. (Glossary of Periodontal terms, 


2001) 


@ Abrasion: Wear produced by interaction between 
teeth and other materials.—(Shellis &Addy) 


@ Itis the loss of tooth substance induced by mechanical 
wear other than mastication. It results in saucer- 
shaped or wedge-shaped indentations with smooth, 
shiny surface. Improper tooth brushing technique, 
abrasive dentifrice, and the action of clasps are the 
common causes. 


Erosion — chemically induced loss of tooth substance that 
occurs primarily through acid dissolution. 


EROSION:An apparent chemical dissolution of enamel and 
dentin, unrelated to caries, causing a cavity that has a hard, 
smooth base.(Glossary of Periodontal terms, 2001) 


Erosion: Dissolution of hard tissue by acidic substances. 
—(Shellis&Addy) 


@ Erosion (cuneiform defect): is the superficial 
loss of dental hard tissue caused by chemical or 
mechanicochemical process. 


a. Pathogenesis is not well understood. 


b. It is sharply defined wedge-shaped depression of 
varying shapes at the facial CE] of the teeth. 


c. The long axis of the eroded area is perpendicular 
to the vertical axis of the tooth. 


d. It generally affects a group of teeth. 

¢ Attrition — the physiologic wearing away of a 
substance or structure, such as the teeth. (Glossary 
of Periodontal Terms, 2001) 


Attrition: Wear through tooth-tooth contact. — 
(Shellis&Addy) 


<> It is seen on occlusal and incisal surfaces, due to 
functional or parafunctional wear, manifesting as 
facets. 


<> These highly polished surfaces appear on marginal, 
transverse and oblique ridges, on cusps and 
restored surfaces. 


<> The amount of attrition varies with age, gender, 
and type of tooth, and is dependent on the size, 
morphology, and location of the tooth in the jaw. 
(Sarig et al.) 


(is) 
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Table 29.5: Types of dental wear 


Physiological 
Based on the cause: Pathological 
Based on the origin of fac- Intrinsic 
tors that determine the rate 
and pattern of dental wear: Extrinsic 
DENTAL 
WEAR a 
Based on location of attri- Occlusal attrition 
tion. 
Interproximal attrition. 
Abfraction: 


In [991,a new term was postulated that is abfraction, which 
refers to pathologic loss of hard tissue tooth substance 
caused by biomechanical loading forces. 


It is also described as stress-induced cervical lesion, wedged 
cervical lesion, wedge-shaped defects or noncarious 
cervical notch lesions. 


Hypothetical tooth surface abrasion in conjunction with 
occlusal forces. (Glossary of Periodontal Terms - 2001). 


Abfraction-might potentiate wear by abrasion and/or 
erosion. (Shellis&Addy) 


It is described as angular or wedge-shaped defects that 
occur in the CE] of affected teeth, commonly noted on 
buccal or labial surfaces. It also has a sub-gingival part and 
an axial depth of | to 2 mm. 


It is seen in first premolars and first molars.Approximately, 
2/3rd of lesions were noted on maxillary teeth. 


It is a result of flexure and eventual fatigue of enamel and 
dentin. The enamel prisms are strong in compression but 
vulnerable under tensile forces. This cervical flexure may 
disrupt bonds between hydroxyapatite crystals resulting in 
microfracture and eventual loss of affected enamel. 


It increases in size and depth with age. It is mostly noted 
in patients with parafunction or occlusal discrepancies or 
increased occlusal tooth contact during lateral excursion. 


fy 
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Movement between adjacent tooth surfaces 


Contact between the tooth surface and a 
foreign body 


Food consistency 


Muscle strength. 


It occurs as a result of differential movement 
of adjacent teeth. 


It is affected by different factors: crowding, 
periodontal disease, angulation of the roots. 


Simulation devices: 


Articulated study models, strain-gauge studies, finite 
element stress analysis and photoelastic stress analysis 
could be used to study development of Abfraction-like 
lesions. 


Computer controlled masticator is an invitro occlusal 
loading system used to simulate chewing cycles in laboratory. 
It can also be used to assess wear of tooth structure and 
restorations. Natural human enamel cusps are used as 
antagonists in a chewing simulator that simulates physical 
forces, wear mechanisms and temperature changes that 
occur in the oral environment. 


Occlusal loading could be continued for a longer period 
to calculate long-term results. For example, |.2 million 
cycles is an equivalent to 5 years of chewing, as the normal 
chewing rate is 10 cycles per minute. 


Combined 


Most of these lesions are multi-factorial. Occlusal stresses 
in combination with acidic substances may result in greater 
damage in combination. 


Review Questions: 


Essay questions: 


|. Define bruxism and discuss its signs and symptoms 
and treatment. 


2. Classify bruxism and discuss its role in the causation 
of periodontal diseases. 
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3. 


Define trauma from occlusion. Classify trauma from 
occlusion. What are the clinical and radiographic 
features ofprimary trauma from occlusion? 


. Define acute and chronic trauma from occlusion. 


Explain in detail the histopathological changes and role 
of trauma from occlusion in periodontal disease. 


Short notes: 


. What is Fremitus test? 


. What is mobility? What are the different ways of 


measuring tooth mobility? 


. What are the various non-carious cervical lesions? 


8. Write a short note on Trauma from occlusion and 


dental implants. 
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Disease 


Chapter Outline: 


¢ Definitions And Terminology 
¢ The various psychological factors 


¢ Questionnaires to assess these psychological 
behaviors 


Psychosocial stress is thought to play a significant role in 
the etiology and progression of periodontal diseases, and 
the outcome of treatment. 


It is well-established that the psyche, the nervous system, 
the endocrine (hormonal) system, and the immune system 
are bi-directionally linked and immune responses to 
bacterial (and other antigenic) challenges are regulated 
in brain areas involved in the classical “stress response” 
regulation. The stress response is crucial for the survival 
and should not be regardedas undesirable. 


Definitions and Terminology: 


¢ STRESS: |. Force exerted by mechanical means. 2. 
In dentistry, the pressure on teeth due to 
masticatory muscle activity. 3. Reactions of a body to 
forces of a deleterious nature, infections and 
various abnormal states that tend to disturb its 
normal physiologic equilibrium (homeostasis). 4. 
Stimuli that, when impinging upon an_ individual, 
produce disequilibrium. Should these compensating 
reactions be inadequate or inappropriate, they may 
lead to disorders. (Glossary of Periodontal Terms, 
2001) 
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Review Questions 


— Essay questions 


Short note 


Principal Sources and suggested Further Reading 


@ Stress is a state of physiological or psychological 


strain caused by adverse stimuli; responses to stress 
include activation of the sympathetic nervous system, 
glucocorticoid secretion, and emotional behaviors. 
(Furuyashiki and Narumiya) 


Stress is a state of physiological or psychological 
strain caused by adverse stimuli, physical, mental or 
emotional, internal or external that tends to disturb 
the functioning of an organism and which an organism 
naturally desires to avoid. 


Selye termed stress as a response state of the 
organism to forces acting simultaneously on the body, 
which if extensive lead to disease. 


Stress is defined as a total transaction from demand 
to resolution in response to an environmental 
encounter that requires appraisal, coping, and 
adaptation by the individual. 


Stress is regarded as a cognitive perception 
of uncontrollability and/or unpredictability that is 
expressed in a physiological and behavioral response. 


The psychological response of the organism to a 
perceived challenge or threat is referred to as stress. 
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CHRONIC STRESS 


Fig. 30.1 Types of Stress 


@ Forces that have the potential to challenge the adaptive 
capacity of the organismare called as “Stressor.’ 


¢ A stressor is any event, experience, or environmental 
stimulus that causes stress in an individual. 


¢ Astressor is stimulus, situation or circumstance with 
the potential to induce stress reactions. 


@ Psychosocial distress refers to acute or chronic 
events of psychological or social source that challenge 
the balance of a biological system. It only includes 
non-psychotic illness, with importance to particularly 
tense behavioral and emotional life events. 


Selye recognized that stressor acting to produce a positive 
change (exciting, pleasurable), leading to a response 
state known as “eustress’’, or stressor could be negative, 
threatening homeostasis with pain, discomfort and physical 
pathology which is known as “‘distress”’. 


Stress affects Hypothalamus-Pituitary-Adrenal (HPA) axis 
and autonomous nervous system. It can induce release of 


cortisol, catecholamines, chromogranin A, substance P, IL- 
|B and IL-6. 


Individuals with different combinations of personality 
traits experience and manage stress in a different manner. 
Neuroticism predisposes people to experience negative 


Y 


emotions and distress regardless of the level of stress, 
whereas extraversion perceives more positive effects. 


The various psychological factors include: 


@ Anxiety 


¢ Depression — Reversible impairment to attention, 
concentration, memory and poor social support 


@ High psychological strain due to 


<> Major life event like death of a loved one, marriage, 
going to college, birth of a child 


<> Crisis/ Catastrophic events like natural disasters 
like flood, cyclones, war 


@ Daily hassles/microstressors 
<> Job-related stress 
e High working load 
e Occupational dissatisfaction 
<> Financially related stress 
<> Academic stress 
<> Bad marital status 
<> Meeting deadlines 


Periodontics & Oral Implantology 


Chapter 30 


<> Encounters with irritating people 
<> Conflicts with others 
<> Traffic jam 
@ Emotional focused coping behavior, Defensive coping 
@ Psychiatric symptoms 
@ Non-psychotic psycho-social distress 
@ Impaired cognition 
¢ Altered self-esteem 


It is also well documented that exposure to stressful 
stimuli, induces changes in the brain-neuro-endocrine 
output, influence immune responses and the outcome of 
inflammatory conditions like response to dental plaque. 
Periodontal disease is also a manifestation due to altered 
immune response to pathogenic microbes, and hence it is 
argued that it is modified by stress. 


Coping is the response of the individual to stress. 
Lazarus defined coping as ‘constantly changing 
cognitive and behavioural efforts to manage 
specific external and/or internal demands that are 
appraised as taxing or exceeding the resources of 
the person. (Lazarus & Folkman, 1984, as cited in Nicholls 
& Polman, 2007) 


There are differences in stress factors and methods of 
coping among different cultures, socioeconomic and ethnic 
groups. Lazarus et al. reported that individuals respond 
to stress, consciously or unconsciously, using certain 
types of coping response to cut, control or overcome the 
stressful situation. The coping responses could be escape- 
avoidance, resigning themselves to their fate, accepting 
responsibility, plan for problem-solving and distancing 
from the issue. Coping moderates the impact of stress on 
disease process. 


In addition to age and sex, stress and coping behavior is 
considered to be a risk-increasing factor for periodontal 


Periodontics & Oral Implantology 


Stress and Periodontal Disease 


disease. Coping styles have a direct influence on initiation 
and progression of periodontal disease. Daily stressors 
have a higher negative impact than acute/critical events. 


Nervous system and immune system work in 
interdependence and stress directly impacts immune 
function.Besides the stress, inactiveor inadequate 
adaptive capacity and coping mechanism with stressful 
situations trigger up the regulation of neurotransmitters 
and corticosteroids, followed by decreased immune 
competence of the host. These psychologically induced 
modulations of immune system include, 


@ Increased blood levels of adrenocorticotrophic 


hormones 


@ Alterations in cytokine levels —-—_ Interleukins, 


Prostaglandins, T NF 

Depressed PMN chemotaxis 
Alterations in phagocytosis 

Reduced proliferation of lymphocytes 
Changes in blood circulation and healing 


Modifications in salivary flow and its constituents. 
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Endocrine changes leading to immunosuppression. 
¢ Alterations in wound healing 


Hence, there is a crosstalk between the immune and 
nervous system. This psycho-social distress also alters the 
behavior of the subject towards less protective and riskier 
oral health-related behavior like 


@ Ignoring oral hygiene 

Heavy smoking 

Consuming more fat and sugar diet. 
Bruxism 


Drug usage 
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Neurotic habits like grinding/clenching/biting foreign 
objects. 
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Possible mechanisms by which stress could play a role in the aetiology, progression and treatment 
outcome in periodontal disease 


Psychologically induced modulation of the 
immune system 


¢ Increased blood levels of adrenocorticotropic 
hormones. 


¢ Alteration of crevicular cytokine levels. 


¢ Depressedpolymorphnuclearleukocytechemotaxis 
and phagocytosis. 


¢ Reduced proliferation of lymphocytes. 
¢ Changes in gingival blood circulation 


¢ Modifications of the 


components. 


salivary flow and _ its 


¢ Regulates response to Periodontopathic bacteria. 


Negative impact on lifestyle: Modulation of 
the oral health-related behavior. 


¢ Ignoring oral hygiene 

¢ Heavy smoking 

¢ Consuming more fat and sugar diet. 
¢ Bruxism 

¢ Drug usage 


e Neurotic habits 
foreign objects. 


like grinding/clenching/biting 


¢ Poorer compliance with dental treatment. 


Fig. 30.2 Possible mechanisms by which stress could play a role in the etiology, progression and treatment 
outcome in periodontal disease 


Questionnaires to assess these psychological 
behaviors include 


Social Readjustment Rating Scale (SRRS), Stress Symptom 
Inventory (SSI), State- Trait Anxiety Inventory (STAI), Likert 
scales, Modified and Perceived Stress Scale, Impact scales, 
General health questionnaire (GHQ), Major Depression 
Inventory (MDI), International Statistical Classification 
of Diseases and Related Health Problems, |0th revision 
(ICD-10), Hospital Anxiety and Depression Scale (HADI 
& 2), Eysenck Personality Questionnaire (EPQ-N), Multi- 
dimensional Health Locus of Control Scale, Negative life 
events, and non-standardized questionnaires. 


Patients under psychological stress may be more prone to 
develop clinical attachment loss and loss of alveolar bone. 
Emotional factors and stress play a key role in development 
of Necrotizing ulcerative gingivitis and necrotizing 
periodontal lesions. 


Many studies have measured probing depth, which may 
not depict the actual periodontal destruction as clinical 
attachment loss and bone loss are more accurate 
markers. 


Cc 


Among various psychological factors, anxiety, 
depression, emotional focused coping behavior and 
chronic stress were related to attachment loss. Patients 
with lower level of anxiety or chronic stress showed 
better periodontal health. When the patient showed 
problem-orientated coping behavior, there was no 
association with periodontal disease. 


Though many studies have suggested the existence of an 
association, few other studies could not confirm it. 
Linden et al did a follow-up study on 23 patients to 
support the association between psychosocial distress and 
periodontitis. They suggested the progression. of 
periodontal attachment loss could be predicted by 
lower socio-economic status and a Type A personality — 
Competitiveness, excessive drive and an increased degree 
of importance or alertness. 


Hugoson et al. reported that individuals classified as 
Externals - characterized by poorly developed strategies 
to cope with stressful life events, had significantly more 
severe periodontal disease than did those with an internal 
and well-developed coping style. 

Deinzer et al. did a randomized controlled split-mouth 
trial inducing experimental gingivitis and measuring levels of 
IL-1 8 in a group of students undergoing academic stress 
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and a non-stressed group. This showed a strong evidence 
and synergistic relationship with increase in IL-1 6 secretion 
under psychosocial stress. 


People with a hyper-reactive HPA axis (Genetically 
determined, Age-related or environmentally induced) have 
more susceptibility to develop periodontal disease. 


Croucher et al. and Vettore et al. reported that increased 
stress is noted in periodontal disease. Higher stress intensity 
and accepting responsibility coping styles influence the 
risk of periodontal disease. Green et al., Marcenes and 
Sheiham, Genco et al. have reported association with 
stress and periodontitis. 


Erie County Risk Factor Study assessed the relationship 
between stress, distress and coping behaviours with 
periodontal disease. It was found that financial strain 
and state of depression are significant risk indicators for 
more severe periodontal disease and stress response 
moderating factor like adequate coping may reduce the 
stress-associated odds. 


Khambaty and Stewart in their study of 1,979 young 
adults found that young adults with panic disorder had a 
threefold higher odd of having periodontal disease, in part, 
due to increased tobacco use. 


Monteiro et al. have reported that aggressive 
periodontitis was more common in depressed or socially 
isolated individuals. 


Trombelli et al. measured stress differently but could not 
establish a relationship gingival inflammation variables and 
psychological measures. Mengel et al. could not correlate 
the glucocorticoid levels and stress values. Locker and 
Leake, could not find a significant relationship between 
Periodontal disease experience in older individuals to 
stress. Castro et al. could not find association between 
psychosocial factors and periodontitis. 


Peeran et al studied the association of mental well-being 
and depression with periodontal clinical attachment loss 
among young adults in postwar urban population. The 
study found that mental well-being, depression had no 
significant effect on periodontal attachment loss 


Kim and Won studied the relationship between the 
depressive symptoms and periodontal diseases in a 
representative group of adults of 4,892 subjects. They 
found no association between depressive symptoms and 
periodontal diseases. 
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Ehrenthal et al in a longitudinal pilot study found that 
the number of teeth predict future depression scores. 
They found that tooth loss is a potential risk-factor for the 
development of depression in periodontal disease 


Patients with maladaptive coping strategies have been 
shown to have more advanced disease and poor response 
to non-surgical periodontal treatment. Kamma and 
Baehni observed that supportive periodontal care was 
effective in aggressive periodontitis patients with lower 
stress levels. 


Stress markers could be detected in serum, saliva and GCF 
(Discussed in Immunology). 


Newer study designs are needed to evaluate and reconfirm 
the association of stress and pathogenesis of periodontal 
disease. 


Psychological factors have been shown to be associated 
with the incidence, progression, severity of periodontitis 
and treatment outcome. Psychosomatic conditions have a 
negative impact on the immune system, and lack of mental 
well-being and depression can have a negative impact on 
lifestyle, which will hamper the oral hygiene habits of an 
individual. Majority of studies have shown some association 
between psychological factors, such as depression, stress, 
anxiety, loneliness, marital status, negative life events, daily 
strain, occupational stress, life satisfaction, personality traits, 
and coping behavior with periodontal diseases. 


However, cross-sectional studies have yielded mixed 
results about the relationship between periodontal disease 
and stress. Araujo et al in a recent review conducted a 
systematic review and Meta-analysis and based on the 
available scientific data found no significant association 
between depression and periodontitis. [hey concluded with 
the recommendation that more rigorous studies including 
longitudinal ones should be conducted to investigate the 
association. 


Halawany et al in a review observed the use of 
psychological intervention as adjunct measure in the 
treatment of periodontal disease might deserve further 
evaluation and high-quality studies are needed that would 
demonstrate the effect of psychological factors or stress as 
a potential risk factor for periodontal disease. 
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Review Questions: 


Essay questions: 


|. Describe in detail the effect of stress of 


periodontium. 
Short note: 


2. Enumerate the possible mechanisms by which stress 
could have negative role in the etiology, progression 
and treatment outcome in periodontal disease. 


Principal Sources and Suggested Further 
Reading: 
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Bisection/ Bicuspidization: 


Carnevale in 1995 defined “Premolarization” as sectioning 
of the root complex and the maintenance of all roots in 
the form of two premolars. 


The treatment of advanced Grade II or Grade Ill furcation 
involvement of a mandibular molar can be accomplished 
by a bisection. It is a procedure by which mesial and distal 
roots of mandibular molars along with its crown portion, 
where both segments are then retained individually. 


Indications: 


@ Molars with long, divergent roots and bone loss 
restricted to the furcal area. 


@ Mandibular pulpal-periodontal problems leading to 
Class Ill furcations where adequate bone support 
present to maintain both the roots individually. 


@ Destruction of tooth structure in furcation area 


@ Perforation of the pulpal floor during endodontic 
treatment. 


Contra-indications: 


@ Inadequate bone roots 


individually. 


support to maintain 


¢ Vertical fracture of one root — Poor prognosis. If 
other roots are not involved, the fractured root has 
to be amputated. 


Availability of strong adjacent teeth as abutments. 
Inoperable root canals 


Root Fusion 


e¢- © © @ 


Severe destruction like caries, furcation involvement, 
trauma, perforation 


@ Poor oral hygiene maintenance 
Procedure; 


The molar is simply cut into two separate mesial and 
distal portions, without the removal of any part of the root 
or crown. The tunnel-like effect of the furcation involvement 
is eliminated by creating two separate teeth from the single 
molar. The two portions of the teeth require crowns. 
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FURCATION 
INVOLVEMENT 





PREMOLARIZATION 


Fig. 28.7 Bicuspidization 


The outcome of all these surgical procedures depend 
on proper case selection, systematic execution of the 
treatment plan with cooperation of various specialists and 
appropriate oral hygiene maintenance by the patient post- 
operatively. 


Regenerative techniques: 


Guided Tissue Regeneration (GIR) with expanded 
polytetrafluoroethylene (e-PITFE) membranes is a 
successful method for treatment. This PTFE membrane has 
to be removed by second surgery, which causes additional 
trauma to the patient. 


Newer techniques employ the usage of resorbable 
membranes with collagen which has a low immunological 
response. It also supports chemotaxis for fibroblasts, 
cell growth support, hemostatic properties and low 
cytotoxicity. 


Rapid degradation of membranes by bacterial and salivary 
enzymes, collagenase by inflammatory cells and mechanical 
damage. Such membranes cannot block epithelial migration 
and leads to failure. Hence, artificial cross-linking of collagen 
with glutaraldehyde, epoxides, asparagine and glutamine 
can improve the biological properties and increase the 
resorption time. 


Allografts with porous hydroxyapatite and tricalcium 
phosphate with doxycycline and collagen membrane 
produced a greater reduction in pocket depth and bone 
defects than surgical debridement alone in cases with class 
ll and Ill furcation defects. 


Periodontal regenerative therapy with bone-substituting 
materials can be used to enhance osseous regeneration 
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Periodontal Furcation Involvement 


in bone defects. Bone powder, calcium phosphate ceramic, Principal Sources and Suggested Further 
Reading: 


modified forms of hydroxylapatite, hard tissue replacement 
(HTR) polymer, platelet rich plasma/ platelet rich fibrin 
with titanium barrier, beta-tricalcium phosphate, biphasic 
calcium phosphate, Anorganic bovine bone graft, collagen, 
polylactides, chitosan sponge loaded with bioactive agents 
like flurbiprofen, tetracycline, and growth factors like PDGF, 
IGF and TGF could be used. 


AAP consensus report by Reddy et al described the 
therapeutic utility of periodontal regeneration in periodontal 
furcation defects as follows “Periodontal regeneration has 
been established as a viable therapeutic option for the 
treatment of various furcation defects, among which Class 
Il defects represent a highly predictable scenario. Hence, 
regenerative periodontal therapy should be considered 
before resective therapy or extraction”. (Reddy et al.) 


Prognosis of Furcation Involved Lesion: 


Nibali et al in a recent review found that “the presence 
of Fl approximately doubles the risk of tooth loss for 
molars maintained in supportive periodontal therapy for 
up to 10-15 years. However, most molars, even with grade 
Il Fl respond well to periodontal therapy, suggesting that 
every effort should be made to maintain these teeth when 
possible.’ 


Review Questions: 


Essay questions: 


|. Define furcation involvement. Write the various 
classifications of furcation involvement. 


2. Explain the local anatomic factors that could play a 
possible role in furcation involvement of mandibular 
molars. 


3. Discuss in detail the management of furcation 
involvement. 


Short notes: 


4. What are the possible etiologic factors for furcation 
involvement? 


5. What is premolarization? What are its indications 
and contraindications? 


Periodontics & Oral Implantology 


4 


4 


Ahmad IA, Alenezi MA. Root and Root Canal 
Morphology of Maxillary First Premolars:A Literature 
Review and Clinical Considerations. | Endod. 2016 
Jun;42(6):86 1-72. 


Akgul NCaglayan F Durna NSunbullu MA,Akgul HM, 
Durna D. Evaluation of enamel pearls by cone beam 
computed tomography (CBCT).Med Oral Patol Oral 
Cir Bucal, 2012; | 7(2): 218-22. 


Al-shammari KF Kazor CE, Wang HL. Molar root 
anatomy and management of furcation defects. J Clin 
Periodontol, 2001; 28(8): 730-740. 


Anter E, Zayet MK, El-Dessouky SH. Accuracy and 
precision of cone beam computed tomography 
in periodontal defects measurement (systematic 
review). Journal of Indian Society of Periodontology. 
201 6;20(3):235-243. 


Arslan H, Ertas ET, Topcuoglu HS, Sekerci AE, Atici 
MY, Ertas H, Demirbuga S. Radicular grooves of 
maxillary anterior teeth in a Turkish population: a 


cone-beam computed tomographic study. 
Archives of Oral Biology 2014; 59: 297-301. 


Avila-Ortiz G, De Buitrago JG, Reddy MS. Periodontal 
regeneration - furcation defects: a systematic review 
from the AAP Regeneration Workshop. | Periodontol. 
2015 Feb;86(2 Suppl): S$ 108-30. 


Bissada NF Abdelmalek RG. Incidence of cervical 
enamel projections and its relationship to furcation 
involvement in Egyptian skulls. } Periodontol, 1973; 44: 
583-585. 


Blachard SB, Derderian GM, Averitt TR, John V, Newell 
DH. Cervical enamel projections and associated 
pouch-like opening in mandibular furcations. | 
Periodontol, 2012; 83(2): 198-203. 


Bower RC. Furcation morphology relative to 
periodontal treatment. Furcation = entrance 
architecture. | Periodontol, 1979; 50(1): 23-27. 


Bower RC. Furcation morphology relative to 
periodontal treatment. Furcation root surface 
anatomy. | Periodontol, 1979; 50(7): 366-74. 


as 


Cc Clinical Periodontology Section - V 


¢ BurchJG,Hulen S. A study of the presence of accessory 734-8. 


foramina and the topography of molar furcations. 
Oral Surg Oral Med Oral Pathol. 1974; 38(3): 451-5. 


@ Cattabriga M, Pedrazolli V, 


furcation lesions. Periodontology 2000, 2000; 22: 
133-153. 


¢ Chiu BM, Zee KY, Corbet EF, Holmgren CJ. 


Periodontal implications of furcation entrance 


dimension in Chinese first permanent molars. | 
Periodontol, 1991; 62(5): 308-31 I. 


Chrcanovic BR, Abreu MH, Custodio AL. Prevalence 
of enamel pearls in teeth from a human teeth bank. J 
Oral Sci, 2010; 52(2): 257-60. 


Cirelli JA, Jr EM, Marcantonio RAC, Lia RCC, Goissis 
G, Jr CR. Evaluation of anionic collagen membranes 
in the treatment of class Il furcation lesions: an 


histometric analysis in dogs. Biomaterials 1997; 18: 
[227-1234. 


Darwazeh A, Hamasha AA. Radiographic evidence of 
enamel pearls in Jordanian dental patients. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod, 2000; 89: 
255-58. 


de los Rios CM, Pustiglioni FE, Romito GA. Biometric 
study of the width, length and depth of the root 
trunk groove of human lower second molars. Pesqui 
Odontol Bras, 2002; | 6(1): 26-30. 


Deas DE, MoritzAJ, Mealey BL, McDonnell HT, Powell 
CA. Clinical reliability of the “furcation arrow” as a 
diagnostic marker.] Periodontol. 2006 
Aug;/7(8):1436-4 1. 


Derks H, Westheide D, Pfefferle T, Eickholz P 

Dannewitz B. Retention of molars after root-resective 

therapy: a retrospective evaluation of up to 30 years. 

Clin Oral Investig. 2017 Oct 7. doi: 10.1007/s00784- 
| 7-2220-1. 


dos santos KM, Pinto SC, Pochapski MT,Wambier DS, 
Pilatti GL, Santos FA. Molar furcation entrance and 
its relation to the width of curette blades used in 
periodontal mechanical therapy. Int | Dent Hyg, 2009; 
7(4): 263-9. 

Dunlap RM, Gher ME. Root surface measurements 
of the mandibular first molar. | Periodontol, 1985; 
56(4): 


(i) 


Wilson TG. The 
conservative approach in the treatment of 


Easley JR, Drennan GA. Morphological classification 
of the furca. J Can Dent Assoc (Tor). 1969 
Feb;35(2):104-7. 


Everett FG, Jump EB, Holder TD, Williams GC. 
The intermediate bifurcation ridge, A study of the 
morphology of the bifurcation of the lower first 
molar. } Dent Res, 1958; 37(1): 162-9. 


Goldstein AR. Enamel pearls as contributing factor in 
periodontal breakdown. J Am Dent Assoc, 1979; 99: 
210-11. 


Grant DA, Stern IB, Listgarten MA. Periodontics, 6th 
ed, St. Louis, CV Mosby, 1998. 


Grewe JM, Meskin LH, Miller T. Cervical enamel 
projections: Prevalence, location and extent; with 
associated periodontal implications. | Periodontol, 
1965; 36:460-465. 


Haas LF, Zimmermann GS, de Luca Canto G, Flores- 
Mir C, Corréa M. Precision of cone beam computed 
tomography to assess periodontal bone defects: a 
systematic review and meta-analysis. Dentomaxillofac 
Radiol. 2017 Sep 4:20170084. doi: 10.1259/ 
dmfr.201 70084. 


Hardekopf JD, Dunlap RM, Ahl DR, Pelleu GB Jr The 
“furcation arrow’. A reliable radiographic image? | 
Periodontol. 1987 Apr;58(4):258-61. 


Hou GL, Hung CC, Tsai CC,Weisgold AS. Topographic 
study of root trunk type on Chinese molars with class 
Ill furcation involvement: molar type and furcation 
site. Int | Periodontics Restorative Dent, 2005; 25(2): 
173-9. 


Hou GL, Hung CC, Yang YH, Isai CC, Chen PH, Shieh 
TY. Topographic study of extracted molars with 
advanced furcation involvement: furcation entrance 
dimension and molar type. Kaohsiung J Med Sci 2003; 
19: 68-74. 


Hou GL, Tsai CC. Cervical enamel projection and 
intermediate bifurcational ridge correlated with 
molar furcation involvements. | Periodontol, 1997; 68: 
687-693. 


Hou GL, Tsai CC. Relationship between periodontal 
furcation involvement and molar cervical enamel 
projections. | Periodontol, 1987; 58: 715-721. 


Periodontics & Oral Implantology 


Chapter 28 


4 


Hou GL, Tsai CC. Types and dimensions of root 
trunk correlating with diagnosis of molar furcation 
involvements. | Clin Periodontol, 1997; 24(2): 129- 
135. 


Leite AP Silva RG, da Cruzfilho AM, Pecora JD. Invitro 
study of cervical enamel projections in human molars. 
Braz Dent J, 1991; 6(1): 25-8. 


Mandelaris GA,Wang HL, Macneil RL morphometric 
analysis of the furcation region of mandibular molars. 
Compend Contin Educ Dent, 1998; 19 (2): I 13-6, 
| 18-20, quiz 122. 


Martos J, Novacruz LER, Silveira LFM, Moraes AP, 
Nunes TZ. Odontoplasty associated with periodontal 
surgery for the management of extensive subgingival 


dental fractures. Indian Journal of Dentistry 2014; 5: 
40-44. 


Masters DH, Hoskins SW. Projection of cervical 
enamel into molar furcations. J Periodontol, 1964; 35: 
49-53. 


Moskow BS, Canut PM. Studies on root enamel 
and enamel pearls. A review of their morphology, 
localization, nomenclature, occurrence, classification, 
histogenesis and incidence. J Clin Periodontol, 1990; 
17(5): 275-281. 


Muller HP Eger T. Furcation diagnosis. J} Clin 
Periodontol, 1999; 26(8): 485-498. 


Nibali L, Zavattini A, Nagata K, Di lorio A, Lin GH, 
Needleman I, Donos N. Tooth loss in molars with and 
without furcation involvement - a systematic review 
and meta-analysis. } Clin Periodontol. 2016; 43(2):156- 
66. 


Park YJ, Lee YM, Park SN, Sheen SY, Chung CP, 
Lee Sj. Platelet derived growth factor releasing 
chitosan sponge for periodontal bone regeneration. 
Biomaterials 2000; 21: 153-159. 


Patni P Bhutada G, Jain DD, Goel G. Premolarization 
to salvage hopeless teeth — A team approach. JPFA 
2010; 24:27 — 31. 


Peeran SW, Thiruneervannan. M. Anatomy of 
Mandibular Molar Furcation and_ its Clinical 
Implications: A Review. Sebha Medical Journal 2007; 
6:66-9. 


Periodontics & Oral Implantology 


Periodontal Furcation Involvement 


Reddy MS, Aichelmann-Reidy ME, Avila-Ortiz G, 
Klokkevold PR, Murphy KG, Rosen PS, Schallhorn 
RG, Sculean A, Wang HL. Periodontal regeneration - 
furcation defects: a consensus report from the AAP 
Regeneration Workshop.] Periodontol. 2015 Feb;86(2 
Suppl): S13 1-3. 


Risnes S, Segura JJ, Casado A, Rubio AJ. Enamel pearls 
and cervical enamel projections on 2 maxillary molars 
with localized periodontal disease. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 2000; 89:493-7. 


Risnes S. The prevalence, location and size of enamel 
pearls on human molars. Scand J Dent Res, 1974; 82: 
403-412. 


Rose LF Mealey BL, Genco RJ, Cohen W. 
PERIODONTICS MEDICINE, SURGERY, and 
IMPLANTS. Mosby; | edition (June | 7, 2004) 


Roussa E. Anatomic characteristics of the furcation 
and root surfaces of molar teeth and their significance 
in the clinical management of marginal periodontitis. 
Clin Anat, 1998; | 1(3): 177-86. 


Swan RH, Hurt WC. Cervical enamel projections 
as an etiologic factor in furcation involvement. | Am 
Dent Assoc, 1976; 93(2): 342-5. 


Tarnow D, Fletcher P. Classification of the vertical 
component of furcation involvement. | Periodontol. 
1984 May;55(5):283-4. 


Vandersall DC. Advances in Periodontics, Part |. 
Dental Clinics of North America, W.B. Saunders, 
1998; 42 (2). 

Zee KY, Bratthall G. Prevalence of cervical enamel 
projection and its correlation with  furcation 


involvement in Eskimos dry skulls. Swed Dent J, 2003; 
27: 43-48. 


Zee KY, Chiu ML, Holmgren Cj, Walker RT, Corbet 
EF Cervical enamel projections in Chinese first 
permanent molars.Aust Dent J, 1991; 36 (5): 356-60. 






CHAPTER 


9 Smokane: 


ee) 


Disease 






Chapter Outline: 


¢ Smoking and inflammation 
— Oral inflammatory response in smoking 
— Smoking and periodontal pathogens 
— Activation of inflammatory cascade 

¢ Clinical features 


Cigarette smoking and response to periodontal 
therapy 


Surgical and regenerative therapy 


Implant therapy 


Maintenance therapy 


Tobacco is a plant product derived from a variety of 
plants belonging to the genus Nicotiana. The alkaloid 
nicotine present in the plant leafs is a stimulant and 
has an addictive effect. The tobacco plants have been 
historically grown and used for recreational purposes by 
the local American population. The dried tobacco leaves 
are consumed as chewing tobacco, snuff, and smoked in 
a variety of dispensations. Approximately 20% of world 
population smoke tobacco. Tobacco smoke is a significant 
source of toxic chemical exposure to humans. Tobacco use 
has an adverse effect on various body systems and is a 
determinant for different diseases ranging from cancers to 
atherosclerosis. Smoking affects systemic inflammation by 
modulating immune-inflammatory system leading to release 
of acute phase proteins and pro-inflammatory cytokines. 
Tobacco use is a modifiable environmental risk factor for 
various diseases. 
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Recurrent (refractory) periodontal disease 
Tooth loss 


Environmental tobacco smoke and periodontal 
disease 


Effect of smoking cessation 
e Review Questions 
— Essay questions 
— Short notes 
¢ Principal References and Suggested Further Reading 


Tobacco use and excessive alcohol use is a risk factor for 
cardiovascular disease, obstructive lung disease, and some 
forms of cancers. Notably, cardiovascular disease and 
chronic pulmonary obstruction are also associated with 
periodontal disease. 


Cigarette smoking and alcohol consumption appear to 
trigger a cycle of impaired immune response, anaerobic 
subgingival infection, and connective tissue cytotoxicity 
leading to more significant severity of periodontal disease 
and impaired wound healing. 


Chronic periodontitis is a bacterial-induced, inflammation- 
driven, destructive disease of the supporting tissues of the 
teeth. ( Danaci et al.201 7) Periodontal disease is considered 
to have multiple risk factors.The term “risk factor’’ 
refers to the aspect of personal behavior or lifestyle, an 
environmental exposure, or an inherited characteristic, 
which on the basis of epidemiologic evidence is known to 
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be associated with a health-related condition. Risk factors 
are part of the causal chain for a particular disease or can 
lead to the exposure of the host to a disease. 


Gelskey (1999) stated that smoking meets most of 
the criteria for causation proposed by Hill (1965). This 
statement is based on the consistency and strength of 
association between smoking and periodontal disease 
severity demonstrated by multiple cross-sectional and 
longitudinal studies. 


Tobacco smoking is the single most significant environ- 
mental factor in the initiation and progression of 
destructive periodontal disease. Tobacco smoking increases 
the overall risk for severe periodontal disease by 2 to 8 
times compared to non-smokers. Though well-established, 
it is also the most modifiable risk factor for periodontitis. 


Smoking and inflammation: 


There are at least 2550 known compounds in tobacco and 
more than 5000 compounds in tobacco smoke. It includes 
as many as 43 carcinogens. Cigarette smoking produces 
500-600ml of smoke whereas one hookah session 
produces 50000 ml of smoke. Tobacco smoke is a gaseous 
phase composed of carbon monoxide, nitrogen, oxygen, 
and carbondioxide as well as particulate phase containing 
nicotine, tar, hydrogen cyanide, metals, radioactive 
compounds and polycyclic aromatic hydrocarbons. 


Tobacco use and 
Oral health 


problems 
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Toxic substances in tobacco smoke affect virtually every 
cell type of periodontium. They alter the host response, 
including vascular function, neutrophil/monocyte activities, 
adhesion molecule expression, antibody production, 
cytokine and inflammatory mediator release. 


Cigarette smoke is a major source for free radicals like ROS, 
Reactive nitrogen species, Hydrogen peroxide, superoxide, 
hydroxyl radicals and nitric oxide. It is also a source of 
toxic aldehydes like crotonaldehyde and acrolein. These 
molecules can enter bloodstream and increase oxidative 
stress and induction of COX-2. 


Inflammatory cells produce a variety of mediators in 
response to smoking. There are increased levels of TNF-a, 
IL-1, IL-6, IL-8 and MCP-I. It decreases the levels of anti- 
inflammatory cytokines like IL-10. 


Current smokers have higher levels of CRP and WBC 
counts than never-smokers. Smoking induces activation of 
NF-«B pathway which transcribes various genes in immune 
regulation and inflammation. Smoking can shift the ThI/ 
Th2 balance towards Th2 phenotype which can exacerbate 
severity of disease and lead to recurrence of periodontal 
disease. 


The first line of defence against pollutants and microbial 
agents are affected by smoking. Cigarette smoking can 
influence the release of histamine from mast cells and control 
gingival fibroblasts, periodontal ligament cells, osteoclasts, 
and osteoblasts. Salivary histamine levels differed among 
smoking and non-smoking periodontal disease patients. 


e Precancerous lesions 
and Oral malignancies 


e Periodontal disease. 
e Dental caries 
e Halitosis 


Fig 31.1: Tobacco use and oral health problems 
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Oral inflammatory response in smoking: 


Oral cavity is the first tissue to encounter cigarette smoke. 
Hence, all tissues including teeth, mucosa, salivary glands, 
and periodontium are affected. It can cause oral cancer. 


Smokers are more susceptible to periodontal disease. 
Bergstrom et al. reported that periodontal health was 
inferior in smokers, periodontal therapy outcome was also 
impaired, and early diagnosis can be beneficial to minimize 
the damage of periodontitis. 


The clinical symptoms are reduced in smokers, decreased 
gingival blood vessels, decreased subgingival temperature, 
decreased GCF flow and bleeding on probing with increased 
inflammation. This could be attributed to vasoconstrictive 
effect through stimulation of adrenergic receptors by 
cigarette smoke. 


Studies have varied results regarding the cytokines in GCF. 
Some report elevated levels of TNF-a and IL-8 while others 
report decreased levels after smoking. 


Nicotine is the major constituent in the particulate 
phase of tobacco smoke. It is an important contributor 
for destructive effects on periodontium by reducing the 
self-healing capacity. It alters the inflammatory response. It 
can module the apoptosis of PMNs and mononuclear cells 
leading to enhanced periodontal destruction. 


Nicotine can bind to root surface in smokers. Nicotine 
and cotinine can inhibit the attachment, proliferation and 
chemotaxis of human periodontal ligament fibroblasts. 
Nicotine can induce micro-stress in organelles and increase 
production of Chromogranin-A in PDL fibroblasts. There is 


reduction in collagen production and _ increased 
collagenase activity. Nicotine causes ischemia and 
inflammation of the periodontium and_ inhibits the 


mineralization of alveolar bones. 
Immunosuppressive effect on the host: 


¢ PMN motility, chemotaxis, and phagocytosis are 
significantly reduced in smokers. 


¢ Decreased production of opsonising IgG antibody. 


@ Smoking can suppress local production of CCL3, 
CCL5, CXCL8 and CCLI9 chemokines in gingival 
tissues, increasing the susceptibility to periodontal 
disease. 
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Smoking and periodontal pathogens: 


4 


Smoking favours the growth of gram-negative bacteria, 
and they harbour more bacterial species. 


The number of periodontal pathogenic bacteria in 
current smoker's increases with increasing number 
of cigarettes smoked per day. 


Current smokers were 2.3 times more likely to be 
infected with B. forsythus, 3.1 times more likely to be 
infected with A. actinomycetemcomitans and1|.5 times 
more likely to be infected by P. gingivalis than their 
former or never-smoking counterparts. 


Increased colonization of shallow pockets by 
periodontal pathogens. 


Increased levels of periodontal pathogens in deep 
periodontal pockets. 


Prevalence of sites colonized with orange and red 
complex species were greater in smokers. 


P. gingivalis, TI. forsythya and T. denticola increased in 
current smokers. 


Cigarette smoking increases bacterial adhesion to 
epithelial cells. 


Activation of inflammatory cascade: 


4 


May modify the effect of pro-inflammatory 


cytokines. 


Affects PMNs, lymphocytes, 
immature dendritic cells. 


macrophages and 


Increased levels of TNF-o in crevicular fluid compared 
with non-smokers. 


PGE2 and MMP-8 were _ increased 
compared with non-smokers. 


in smokers 


Increased neutrophil collagenase and elastase in 
GCF. 


Higher expression of advanced glycation end products 
in gingival tissue which increased tissue destruction. 


Higher levels of albumin, AST and MPO in smokers. 
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Table 31.1: Effect of smoking on the prevalence and severity of periodontal disease. 


Periodontal Disease | Impact of Smoking 


Gingivitis ° 


Periodontitis ° 


Decreased gingival inflammation and decreased bleeding on probing owing to the 


alteration in the gingival blood flow. 


¢ Higher occurrence of necrotizing ulcerative gingivitis. 


¢ Elevated levels of supragingival and subgingival calculus in smokers. 


¢« Alterations inflow of GCF 


¢ Lowered oxygen concentration of haemoglobin of gingiva. 


Increased prevalence and severity of periodontal destruction. 


¢ Increased pocket depth and attachment loss 


¢ Higher prevalence of furcation involvement in mandibular molars 


¢ Severity of periodontal disease is directly associated with duration and intensity/fre- 


quency of smoking 


¢ Increased rate of periodontal destruction. 


¢ Increased prevalence of severe periodontitis. 


¢ Increased tooth loss. 


¢ Higher incidence of recurrent (refractory) periodontitis. 


¢ Decreased prevalence and severity with smoking cessation. 


¢ Negative effect on bone healing by reducing osteoblast function. 


¢ Increased susceptibility to advanced and aggressive forms of periodontitis. 


¢ Reduced salivary OPG levels. 


Smoking is an important risk factor in various risk assessment 
models for periodontal disease like Periodontal Risk Calculator, 
Periodontal Risk Assessment, Modified PRA, Periodontal Risk 
Assessment Diagram, UniFe, DentoRisk. 


Clinical features: 


The effect of smoking depends on the level of exposure 


such as number of cigarettes smoked daily and the 
duration of smoking habit. 


4 


Cc 


Gingiva tends to be fibrotic with thickened rolled 
margins. 


Minimal gingival redness or oedema relative to disease 
severity. 


Gingival bleeding is less pronounced may be due the 
vasoconstrictive effect of smoking on local tissues. 


Lower level of gingivitis to a specific level of plaque 
than non-smokers. 


Relatively severe and widespread disease compared 
to a person at the same age who never smoked. 


4 


Proportionately greater pocketing in anterior and 
maxillary lingual sites. 


Enhanced bone loss and greater periodontal attachment 
resulting from periodontitis. 


Gingival recession in anterior segments. 


Cigarette smokers are more susceptible to and develop 
more severe disease at a young age. 


The severity of periodontal disease is directly associated 
with duration andintensity/frequency of smoking. 


Relatively rapid disease progression. 


Reduced antioxidant levels in gingival tissue, saliva, and 
GCr. 


Snuff is also associated with prevalence of deep periodontal 
pockets. (Julkunenet al. 2017) 
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Smoking and Periodontal Disease 


¢ Poor plaque control 

¢ Reduced clinical signs and 
symptoms 

¢ Periodontal disease 
progression 








¢ Poor systemic health 


¢ Poor general 
attitude/behavior 


e Reduced defence but 
enhanced inflammation 


¢ Impaired healing 








Fig 31.2: Deleterious effects of tobacco smoking 


Cigarette smoking and response to 
periodontal therapy: 


¢-tet e¢—h( OH OH 6M 


Non-surgical therapy: 

Decreased clinical response to scaling and root planing. 
Decreased reduction in pocket depth. 

Decreased gain in clinical attachment levels. 

Minimal reduction in gingival pocket depth after scaling. 


Scaling and root planing has a reduced clinical response 
with diminished reduction in pocket depth or gain in 
clinical attachment levels. 


Decreased negative impact of smoking with increased 
level of plaque control. 


Current smoking promotes a gram-negative anaerobic 
flora, and that mechanical periodontal therapy is less 
successful at significantly reducing this pathogenic flora in 
smokers compared with non-smokers.Current smokers 
are more likely to be infected with I. forsythus and with 
A. actinomycetemcomitans than former or never-smoking 
counterparts. 


Less favourable response to adjunctive antimicrobial 
therapy 
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Fig. 31.3 Smoking and periodontium (Courtesy- Dr. Neha) 


Surgical and regenerative therapy: 


4 


Post-surgery findings include worsening of treated 
furcations and periodontal pockets. 


Increased time needed to recover from _ local 


anaesthesia. 

Open flap debridement leads to favourable results 
with improvement in pocket depths and clinical 
attachment levels. 


Cy 
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¢ Resistance to conventional therapy. Maintenance therapy: 


@ Less favourable response to modified Widman flap 


@ Worsening of pocket depth with diminished gain in 
surgery and root coverage procedures. 


levels of clinical attachment could be noted in the 
@ Results of periodontal therapy also get hampered with course of maintenance therapy. 


smoking. It can be noted after DFDBA allografts. ie 
@ Increased susceptiblity to periodontal tooth loss. 


¢ After treatment with GIR for recession and 


@ Recurrent (refractory) periodontal disease: 
membrane exposure is documented. 


@ Majority (upto 90%)of recurrent/refractory disease 


@ Treatment outcome is less favourable. 
are smokers. 


@ Re-pocketing within one year of surgical treatment. ; 
P Y @ Smokers demonstrated enhanced necessity for re- 


¢ Current smoking is by far the most significant factor treatment and greater need for antibiotics to confront 
responsible for impaired periodontal wound healing periodontal infection after surgery. 
and poor clinical outcome after flap and regenerative 
surgery. Tooth loss: 
Implant therapy: ¢ Tooth loss is the most visible result of periodontitis. 
Smoking is a risk factor strongly related to increased 
¢ Current smokers were 2.6 times more likely to tooth loss in smokers during periodontal maintenance 
have an implant failure between the time of implant therapy. Smokers loose more teeth than non- 
uncovering and the time of restorative loading. smokers. 


@ Smoking cessation should be recommended prior to 
implants. 





, Nicotine and cotinime- . t Periodontopathic ¢Constrictive effect on *Reduces efficacy of 
inhibit the attachment, bacteria. gingival/oral mucosal periodontal therapy. 
proliferation and ¢Smoking modifies microcirculatory vessels- 
chemotaxis of PDL ae ¢Both Nonsurgical 
hen aerel periodontal response to chronicreduction in and Surgical 

the microbial challenge. blood flow and 

Reduced chemotaxis, vascularity therapy. 
migration and Poorer clearence of 7 fee tte 
pahogocytosis of the bacteria *Masks periodontal * | dmplant failure. 
neutrophils in the gingival destruction. 
crevice. 

Reduced gingival 
crevicular fluid (GCF). 


Fig.31.4 Effects of tobacco smoking on periodontal health and disease 
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WATERPIPE TOBACCO SMOKING 


Periodontitis. 

eDry socket. 

ePremalignant lesions. 

Oral and esophageal cancer. 





Fig. 31.5 Water-pipe tobacco smoking and its association with various oral diseases. 








Exposure to environmental tobacco smoke (ETS) is also termed passive smoking, second-hand smoking or involuntary 
smoking. Non-smoking individuals who are exposed to environmental tobacco smoke are also prone to oral and systemic 
diseases. 


Effect of environmental tobacco smoke exposure 
on periodontal tissues 


Increased 
expression of 
human B- 
defensins and IL- | Salivary Cotinine Increased 
1B, and IL-6 levels are phagocytic 
expression 13 elevated. Cotine is | function of salivary | periodontitis odds 
resulting ina ametabolite of PIMINLis also 
chronic nicotine. reported. 
inflammatory 
reaction in the 
body tissues. 


Inhibition of 
gingival epithelial 
cell growth by 
apoptosis. 





Fig. 31.6: Effect of environmental tobacco smoke exposure on periodontal tissues. 
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Effect of smoking cessation: 


Smoking has a deleterious effect on periodontal health. 
It has a negative impact on the periodontium; it also 
leads to a poor outcome with both non-surgical and 
surgical periodontal treatment. Hence, the treatment of a 
periodontal patient who smokes must include counselling 
and advise on smoking. 


Evidence suggests that quitting smoking represents a 
lower risk for periodontal disease and tooth loss. Quitting 
smoking is vital to improve the healing potential before 
beginning periodontal treatment. 


Smoking cessation regime can reduce up to |2% of diseased 
cases in the population. The severity of periodontal disease 
was less among former smokers than current smokers. 


Hence,population-based smoking cessation programs 
can improve overall general health and also reduce the 
prevalence of severe attachment loss due to smoking. 
Smoking cessation can improve clinical periodontal 
parameters like reduced probing depth, clinical attachment 
gain and improved bone regeneration after surgical/non- 
surgical therapy. 


Smoking cessation seems to have a positive effect on 
the periodontium, to decrease the risk for incidence and 
progression of periodontitis and to lead to a non-significant 
trend for greater mean probing depth reductions after non- 
surgical treatment over a |2-month period. (Alexandridi 
2017) 


Steps for successful smoking cessation/The 5 A’s of 
tobacco cessation (Agency for Healthcare Research 
and Quality) 


@ Ask: All patients about tobacco use (every 
patient /every visit) 


@ Advise: tobacco users to quit. 

@ Assess: tobacco users’ willingness to quit. 
Assist: tobacco users in developing a quit plan. 
@ Arrange: tobacco-users follow-up contact. 


Some pharmacotherapeutic agents such as_ nicotine 
patches, nicotine gum, nicotine lozenge, nicotine inhaler and 
nicotine nasal spray have been proven to be of assistance 
for patients in quitting smoking. 


(8) 
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Evidence suggests that significant reversal of periodontitis 
risk might be achievable within |0 years after 
quitting smoking. Johnson & Guthmiller suggested that 
smoking cessation cannot reverse the past negative 
effects of smoking; however, the rate of bone and 
attachment loss slows after patients quit smoking. 


The serum half-life is |-2 hours for nicotine, 3 hours for 
CO and around 20 hours for cotinine. All these parameters 
reduced significantly in serum of smokers after 
cessation of smoking. There are variations in gingival 
micro-circulation after cessation. Hence, the smokers 
should be certainly encouraged to quit as part of their 
overall therapy. 
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Fig. 31.7 Some commercially available nicotine 
replacement therapy. 


Review Questions: 


Essay questions: 


|. Discuss the role of tobacco use in the etiopatho- 
genesis of gingival and periodontal disease. 


Short notes: 


2. What is environmental tobacco smoke? What is its 
effect on periodontium? 


3. What are the effects of smoking cessation of 
periodontal health? 
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Chapter Outline: 


¢ Human Immunodeficiency Virus (HIV) 
— Mode of Spread of the Virus 
— Course of HIV Infection 
¢ AIDS (Acquired Immune Deficiency Syndrome) 
— Disinfection and inactivation 
— Oral diseases in HIV-positive individuals 
— Kaposi’s Sarcoma 
¢ Periodontal Disease In HIV-Positive Individuals 
— Pathogenesis 


— Periodontitis and HIV reactivation 


HIV-gingivitis 
Linear Gingival Erythema (LGE) 


— Etiology 
— Histopathology 
— Treatment 


Necrotizing Periodontal Diseases 


HIV infection continues to be a significant global health issue 
with an estimated 36.7 million people living with HIV worldwide. 
HIV/AIDS is a rapidly progressive immunodeficiency which was 
fatal earlier. However, with antiviral therapy, such patients are 
living longer and can get chronic diseases similar to the rest of 
the population. 


Human Immunodeficiency Virus (HIV): 


A RNA virus that exists as two major types,HIV-I and 
HIV-2. The genetic material is in the form of messenger 
RNA and is classified as a retrovirus. The targets of 
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Necrotizing Ulcerative Gingivitis 
— Clinical features 
— Treatment 


Necrotizing Ulcerative Periodontitis 
— Clinical features 

— Treatment 

— Necrotizing Ulcerative Stomatitis 

— Chronic periodontitis 


¢ Immune Reconstitution Inflammatory Syndrome (ris) 
and Highly Active Antiretroviral Therapy (HAART) 


— Oral lesions related to IRIS 
¢ Diagnosis of HIV 
e Review Questions 
— Essay questions 
— Short notes 
¢ Principal References and Suggested Further Reading 


infection of HIV are primarily the T4 helper (CD4+t) 
lymphocytes but it is also clear that macrophages can 
be infected. The virus appears to cause AIDS (acquired 
immune deficiency syndrome). (Glossary of Periodontal 
Terms, 2001) 


@ It is a retrovirus. 


@ There are two distinct types of human AIDS viruses; 
HIV-1 and HIV-2. 


@ HIV-I could be divided into M (Main), O (Other), N 
(Non-M, Non-O), P The M type is the maingroup and 


it’s subdivided into 10 subtypes (A-]). 
vy 
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@ There are 8 subtypes in HIV-2 (A-H). HIV-2 is a lethal 
infection, but pathogenesis is slower than HIV-|I. 


Mode of Spread of the Virus: 


High titers of HIV are found in two body fluids- blood and 
semen. Currently, sexual activity and drug abuse remain the 
primary means of transmission. 


MODES OF SPREAD OF THE HIV 


TRANSFUSION NEEDLE STICK 


MOTHER TO INJURIES- 
INFANT. CONTAMINATED 
BLOOD. 


UNPROTECTED ABUSED OF INFECTIOUS 
So 40/18 INJECTED BLOOD OR 
CONTACT. DI ULCKS BLOOD 
PRODUCTS. 





Fig 32.1: Modes of spread of HIV 
Course of HIV Infection: 


@ The typical course of HIV infection spans over a 
decade. 


@ Stages include the primary infection, dissemination 
of virus to lymphoid organs, clinical latency, elevated 
HIV expression, clinical disease, and death. 


@ HIV has a strong affinity for cells of the immune 
system, most specifically those that carry the CD4 
cell surface receptor molecule. Thus, helper T 
Lymphocytes (T4cells) are most profoundly affected, 
but monocytes, macrophages, Langerhans cells, and 
some neuronal and glial brain cells may also be 
involved. 


AIDS (Acquired Immune Deficiency 
Syndrome): 


A disease syndrome caused by the progressive loss of 
immune function that characterizes the progression of 
human immunodeficiency virus infection. This natural 
history is thought responsible for opportunistic, pernicious 
and eventually fatal conditions that include Kaposi's 
sarcoma, Pneumocystis carinii pneumonia, and others. Oral 
lesions may include necrotizing ulcerative gingivitis (NUG), 
necrotizing ulcerative periodontitis (NUP), linear gingival 
erythema (LGE), candidiasis, hairy leukoplakia, herpes 
simplex, and rapidly progressive periodontitis. (Glossary of 
Periodontal Terms, 2001) 


@ AIDS is characterized by the profound impairment of 
the immune system. 
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@ It was considered to be the end stage of HIV 
infection. 


@ The condition was first reported by Gottlieb et al. 
in 1981, and a viral pathogen was reported in 1984. 


@ Definitive for AIDS; T4 lymphocyte count < 200/ 
mm? or T4 lymphocyte percentage <14% of total 
lymphocytes 

@ AIDS has already caused the death of over 30 million 
people worldwide. 


Disinfection and inactivation: 


@ HIiVis completely inactivated (2 105 units of infectivity) 
by treatment for 10 minutes at room temperature 
with any of the following; 10% household bleach, 
50% ethanol, 35% isopropanol, 0.5% Lysol, 0.5% 
paraformaldehyde, or 0.3% hydrogen peroxide. 


Oral diseases in HIV-positive individuals: 


Patients with HIV infection may show frequent, severe, 


persistent or recurrent oral lesions even after treatment. 
However, most lesions have prognostic value and affect the 
quality of life of the patient. 


Strong correlation between HIV-infection and the following 
diseases is seen in Group | lesions such as, 


@ Oral candidiasis -— Erythematous, Hyperplastic, 
Pseudomembranous. 
In immunocompromised individuals, Candida species 
are responsible for oral mycoses and may cause oral 
infections (thrush) in AIDS patients or other 
debilitated humans. Designated “opportunistic” 
pathogens since they are often found as members of 


the normal oral flora.(Glossary of Periodontal Terms, 
2001) 


+ Oral Hairy Leukoplakia. 
Hairy Leukoplakia: A corrugated, white plaque of the 
oral mucosa, primarily on the lateral borders of the 
tongue that contains the Epstein - Barr virus. Most 
patients with confirmed hairy leukoplakia are 
infected with the human immunodeficiency virus 
(HIV). (Glossary of Periodontal Terms, 2001) 


@ Atypical periodontal diseases — HIV gingivitis, HIV- 
necrotizing gingivitis, HIV-associated periodontal 
disease. 
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¢ Kaposi’s sarcoma. 

KAPOSI’S SARCOMA: An infectious granuloma or a 
reticuloendothelial hyperplasia that may be neoplastic 
in nature. Clinically, multiple reddish or brownish- 
red nodules can involve the skin, oral mucosa, 
visceral organs, and lymph nodes. Usually related to 
immunocompromised states such as AIDS. (Glossary 
of Periodontal terms, 2001) 


@ Oral Non-Hodgkin’s lymphoma. 
in HIV-infected 
undetermined frequency include Group II and Group 


Lesions seen individuals but of 


Ill lesions like, 


@ Less common viral infections other than EBV 
- Cytomegalovirus, Molluscum contagiosum, 
Condyloma acuminatum, Verruca Vulgaris, Varicella- 
Zoster Virus, Herpes Zoster, Human papilloma virus. 


@ Recurrent aphthous stomatitis. 


@ Bacillary angiomatosis (epithelioid angiomatosis — 
Cat-scratch disease). 


@ Salivary gland disease — Dry mouth, Unilateral/ 
bilateral swelling of salivary glands. 


Thrombocytopenic purpura. 
Bacterial infections. 
Drug reactions 


Fungal infections other than candidiasis. 
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Neurologic disturbances — Facial palsy, Trigeminal 
neuralgia. 


@ Osteomyelitis. 
@ Squamous cell carcinoma. 
@ Toxic epidermolysis. 
As HIV and AIDS is a wide topic,this chapter will deal only 


with periodontal diseases in HIV patients. 


Periodontal Disease In HIV-Positive 
Individuals: 


Studies suggested that HIV-infected patients have an 
increased risk for developing aggressive periodontitis, but 
it is not confirmed. Significant lesions include linear gingival 
erythema and Necrotizing periodontal disease. 
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Pathogenesis: 


Ic is still unclear. Gram-negative bacteria have been 
considered to be a cause. However, these patients are 
more susceptible to opportunistic infections that are not 
normally present in the oral cavity or as a disease by normal 
periodontal organisms which could not be controlled by 
their compromised immunity. 


B. gingivalis, B. intermedius, F. nucleatum, A.actinomycetam- 
comitans, W. recta, P. micros were in higher concentrations 
in HIV-patients with periodontal disease and gingivitis. They 
also exhibited greater prevalence of all bacterial species 
than conventional cases. Opportunistic microbes include 
S.epidermidis, C.albicans, species of enterococci and clostridia, 
Mycoplasma salivarium. Tissue invasion by virus, yeast, and 
other microbiota could lead to periodontal destruction in 
HIV patients. 


There is also evidence that rapid decrease in the numbers 
of T4 cells may trigger the progression of gingivitis into 
periodontitis. Alterations in PMN and monocyte functions 
have been reported in association with severe periodontitis. 
Levels of CD4/CD8 T cells are reduced in gingival tissues 
than their own peripheral blood or healthy gingiva in HIV 
patients. The levels of Langerhans cells are also less in HIV 
patients with periodontal disease. 


Proposed mechanisms for increased frequency of 
periodontal disease in HIV patients under Highly Active 
Anti-Retroviral Therapy (HAART) include reactivation 
of HIV and role of Immune Reconstitution Inflammatory 
Syndrome (IRIS). 


Periodontitis and HIV reactivation: 


Immune cells and oral epithelial cells infected with HIV 
present in gingival tissues could be a source for HIV 
reactivation. The virus could be reactivated by chronic 
inflammation against oral pathogens like bacteria, C. 
albicans. 


There is evidence that, 


@ IL-l, TNF-a, NF-«B could induce viral gene expression 
in LTR region of HIV pro-virus. 


@ IFN-y, IL-6, TNF-a can upregulate IRF-I leading to 
cell activation and HIV-I replication. 


@ PGE2 can increase viral replication in T-cells. 
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@ IL-2, IL-7 can upregulate HIV activation in T cells. 


The levels of inflammatory mediators are elevated in 
periodontitis patients, and these could play a role in 
reactivation of latent HIV. There is evidence that IL-18 levels 
were more in HIV-positive patients than normal patients. 


HDAC can maintain HIV latency by repressing viral 
transcription. P. gingivalis produces Butyric acid. Thus, butyric 
acid which inhibits HDAC induces histone acetylation and 
activation of HIV-|.Similarly, these microbes can upregulate 
CCR5 and CXCR4. CCR5 being the HIV co-receptor in 
oral epithelial cells can lead to infection with HIV. 


P. gingivalis and F. nucleatum can activate TLR-9 and TLR-2, 
which can lead to HIV-I reactivation in monocytes and 
macrophages. 


Oral pathogens can trigger latently infected dendritic cells 
in gingival tissues leading to HIV reactivation. 


HIV-| proviral load in GCF and in plasma can be correlated 
with the clinical stages of periodontitis. The retroviral 
particles could be seen in ulcerations of acute HIV. So, 
there could be a direct etiological role. 
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Fig 32. 2: Periodontal diseases associated with HIV infection 


HIV-gingivitis: 


Itis an early lesion and can present as distinct linear marginal 
erythema or focal gingival enlargement. Its hallmark is the 
resistance to conventional therapy. 
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Linear Gingival Erythema (LGE): 


lt was described by Winkler and Murray. It is defined as 
an intense linear erythema, most frequently found in 
anterior teeth, accompanied in some cases by bleeding and 
discomfort. 


¢ Alinear easily bleeding, erythematous gingivitis which 
appears as a red band on the gingival margin. 


@ The microflora of LGE may closely mimic that of 
periodontitis rather than gingivitis. 


@ LGE may be localized or generalized in nature. 


@ The erythematous gingivitis 
> 
> 


may be limited to marginal tissue, 


may extend into unattached gingiva in a punctate 
or a diffuse erythema, or 


<> 


@ It has a 70% predictive value for immune suppression 
of <200 cells/mm?. Hence, early diagnosis of LGE has 
a significant role in such patients. 


may extend into the alveolar mucosa 


Etiology: 


It could be associated with subgingival colonization of 
Candida species like Candida dubliniensis. However, the 
exact etiology remains unknown. 


It is proposed that inadequate activity of PMNs could lead 
to persistence of Candida infection in such patients. 


Histopathology: 


LGE in HIV-infected patients showed an increase in PMNs 
and IgG whereas LGE in non-HIV infected patients showed 
T lymphocytes and macrophages. 


Treatment: 
@ Removal of plaque and calculus - Scaling and 
polishing. 
@ Subgingival irrigation with chlorhexidine or 10% 


povidone-iodine may be of benefit. 


@ Chlorhexidine gluconate (0.1 to 0.2%) as an oral 
rinse — antibacterial and anticandidal activity. 


¢ Treatment of choice: administration of a systemic 
antifungal agent such as fluconazole for 7 to 10 days 
or metronidazole 250mg 4 times a day for 4 to 5 
days. 
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@ Oral hygiene instructions to maintain good oral 
hygiene and avoid recurrence. 


@ Re-evaluation after 2-3 weeks after initial therapy. 


Necrotizing Periodontal Diseases: 


It includes Necrotizing ulcerative gingivitis, Necrotizing 
ulcerative periodontitis, and Necrotizing stomatitis. Studies 
reveal that the subgingival flora could be intricate and 
varied in its composition among such patients. E. faecalis 
and D. pneumosintes were also observed at high levels. 


Necrotizing Ulcerative Gingivitis: 


Necrotizing Ulcerative Gingivitis (NUG): An 
infection characterized by gingival necrosis presenting as 
“punched out’ papillae, with gingival bleeding and pain. 
Fetid breath and pseudomembrane formation may be 
secondary diagnostic features. Fusiform bacteria, Prevotella 
intermedia, and spirochetes have been associated with 
the lesion. Predisposing factors may include stress, poor 
diet, smoking, and HIV infection. See also: Periodontitis, 
Necrotizing Ulcerative. -(Glossary of Periodontal terms, 
2001) 


Clinical features: 


@ It is limited to gingival tissue without loss of clinical 
attachment. 


@ The affected gingiva may be painful. 


¢ CD4 cell count < 500 cells/mm3 has been correlated 
with NUG. 


Treatment: 
@ Cleaning and debridement. 
@ Scaling and root planing. 


@ Patient should 
condiments. 


avoid tobacco, alcohol, and 


@ Antimicrobial oral rinse such as_ chlorhexidine 
gluconate 0.12% is prescribed. 


@ Use of escharotic oral rinses such as hydrogen 
peroxide is contraindicated in immunocompromised 
individuals. 


@ Systemic antibiotics such as metronidazole or 
amoxicillin may be prescribed. 
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Necrotizing Ulcerative Periodontitis: 


Necrotizing Ulcerative Periodontitis: An infection 


characterized by necrosis of gingival tissues, periodontal 
ligament, and alveolar bone. These lesions are most 
commonly observed in individuals with systemic conditions 
including, but not limited to, HIV infection, malnutrition, 
and immunosuppression. (Glossary of Periodontal terms, 
2001) 


@ Necrotizing ulcerative periodontitis is characterized 
by soft tissue necrosis, rapid periodontal destruction, 
and interproximal bone loss. 


¢ A necrotizing, ulcerative, rapidly progressive form of 
periodontitis occurs more frequently among HIV- 
positive individuals. 


@ Location; It is generally localized to a few teeth, 
although generalized NUP is present sometimes 
present after CD4+ depletion. 


Prevalence: 6.3% in a HIV- positive population. 
Clinical features: 


@ Bone is often exposed, resulting in necrosis and 
subsequent sequestration. 


@ NUP is severely painful at onset. 


@ It may resolve spontaneously leaving painless, deep 
interproximal craters that are difficult to clean, and 
that may lead to conventional periodontitis 


@ May have’ fever, malaise, bad breath’ or 
lymphadenopathy. 
Treatment: 


@ Local debridement. 
@ Root planing. 
¢ Antimicrobial rinse and irrigation. 


@ Antibiotic therapy- metronidazole 250mg, with two 
tablets taken immediately and then one tablet four 
times daily for 5-7 days is the drug of choice. 


@ Prophylactic antifungal therapy. 
Necrotizing Ulcerative Stomatitis: 


@ It involves the tissues beyond the alveolar ridges and 
causes massive tissue destruction. 
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@ It is occasionally seen in HIV-positive patients with 
severe suppression of CD4 cells. 


@ Acute pain is common as with other necrotizing 
periodontal diseases. 


@ It may be an extension of NUP extending to involve 
the oral soft tissue. 


¢ Treatment; antibiotic — metronidazole, antimicrobial 
rinse — chlorhexidine gluconate. 


@ Clinical case reports show that Necrotizing ulcerative 
stomatitis at times can be the first presenting sign of 
underlying HIV infection.(Peters et al., 201 7) 


Chronic periodontitis: 


@ A number of studies have suggested that HIV-positive 
individuals are more likely to experience chronic 
periodontitis than the general population. 


@ Studies reveal upto 6 times higher risk of CP and 
greater clinical severity in such patients. 


@ Effect of HIV on disease progression is still not clear. 


@ There is a decrease in periodontal lesions after 
HAART. 


@ Periodontal disease 
Candida spp carriage 
(Lourenco et al. 2017) 


is associated with increased 
in HIV-infected patients. 


Treatment: 


@ Decisions should be based on the overall health status 
of the patient, the degree of periodontal involvement, 
and the motivation and ability of the patient to 
perform effective oral hygiene. 


@ As the patients are immunodeficient, continuous 
monitoring is essential to prevent irreversible 
periodontal damage. 


Immune Reconstitution Inflammatory 
Syndrome (IRIS) And Highly Active 
Antiretroviral Therapy (HAART): 


Immune reconstitution is defined as a CD4+ count 
of > 200 cells/mm? and an increase of 100 cells over 
baseline at any time since starting HAART. IRIS caused by 
overwhelming inflammatory response to viable, dormant 
antigen or a non-viable antigen in patients with a rapidly 
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recovering immune system. IRIS could represent a paradox 
of worsening clinical state even with therapy or unmasking 
a subclinical infection after starting HAART. 


It could be related to recovery of CD4+ T cells in 
response to antiretroviral therapy. The initial recovery 
shows increase in circulating memory T cells followed 
by recovery of naive activated T cells. This could lead to 
IRIS in recovery process and can lead to exaggerated 
immune response to infection. 


A recent study by Lins et al in HIV patients undergoing 
antiretroviral treatment showed that those with gingivitis 
and with periodontitis presented significantly higher median 
levels of CD3(+) HLADR(+) , CD4(+) HLADR(+) , CD8(+) 
HLADR(+) , and CD3(+) CD38(+) and significantly lower 
CD4(+) /CD8(+) ratio than patients with no periodontal 
disease. 


Oral lesions related to IRIS: 


@ Increased frequency of periodontal disease may 
be seen, as latent infection is a risk factor in IRIS. 
However, there is limited research on reactivation 
among gingival tissues. 


@ It can also show oral warts, candidiasis, angular 
cheilitis, hairy leukoplakia and Kaposi's sarcoma. 


Diagnosis of HIV: 


HISTORY/PHYSICAL EXAMINATION 


SYMPTOMS/TIMINGS SUGGEST ACUTE DOHIV-1 NUCLEIC ACID TESTING (NAT), 
HIV ROUTINE ELISA - RAPID TESTING 


CONFIRMATORY WITH HIV WESTERN BLOT 


IF NEGATIVE OR INDETERMINATE, DO IF POSITIVE FOR HIV INFECTION, ALSO 
HIV NAT, REPEAT WESTERN BLOT DO HIV-2 WESTERN BLOT 








Review Questions: 


Essay questions: 


|. Describe briefly the periodontal manifestations of 
HIV infection. 


Short notes: 


2. What are the oral manifestations of AIDS? 
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Dentinal hypersensitivity (DH) is a common condition of 
transient tooth pain caused by a variety of exogenous 
stimuli. The exogenous stimuli include thermal (cold), tactile 
(touch), or osmotic changes (sweets or drying the 
surface). 


While extreme stimuli can make all teeth hurt, the 
“hyper” sensitivity means painful response to stimuli not 
normally associated with pain. (Orchardson and 
Collins) The response to a stimulus varies from person to 
person due to differences in pain tolerance, environmental 
factors, and emotional state. 
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— Stannous fluoride 

— Strontium containing dentifrices 

— Fluoride iontophoresis 

— Formaldehyde/ Glutaraldehyde 

— Dentin sealers 

— Lasers 
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— Restorative materials 

— Periodontal surgery 

— The placebo effect in DH 

— Self-performed therapy at home - Agents used by the 

patient 

— In office treatment - Agents used in dental office 
e Review Questions 

— Essay questions 

— Short notes 
¢ Principal References and Suggested Further Reading 


Previously it was described as “‘an enigma being frequently 
encountered yet poorly understood.’ 


It is defined as pain arising from exposed dentine typically in 
response to thermal, chemical, tactile or osmotic stimuli. 


Dentinal Hypersensitivity: 


The short, exaggerated, painful response 
elicited when exposed dentin is subjected to 
certain thermal, mechanical, or chemical stimuli. 
(Glossary of Periodontal Terms, 2001) 
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Dentinal hypersensitivity is characterized by 
distinctive short, sharp pain arising from exposed 
cervical dentin in response to various external stimuli 
that are typically thermal, evaporative, tactile, 
electricalosmotic, or chemical, which cannot’ be 
ascribed to any other form of dental pathology, defect, 
or disease.(West NX et al.2013)This identifies DH as a 
special clinical entity. 


Pashley defined dentinal hypersensitivity as “a sharp, 
transient, well-localized pain in response to tactile, 
thermal, evaporative, or osmotic stimuli, which does 
not occur spontaneously and does not persist after 
removal of the stimuli.’ (Pashley, 1994) 


Dentinal hypersensitivity is defined it as “a short, sharp 
pain arising from exposed dentin in response to stimuli 
typically thermal, evaporative, tactile, osmotic or chemical 
and which cannot be ascribed to any other form of dental 
defect or disease.” (The Canadian advisory board on dentin 
hypersensitivity, 2003) 


Dentin hypersensitivity (DH) is often self- reported by 
patients and is described clinically as an exaggerated pain 
response to external stimuli such as cold or hot 
beverages and toothbrushing.(Al-Sabbagh, 2014) 


used to describe dentinal 
hypersensitivity include dentine __ sensitivity, 
dentine hypersensitivity, cervical hypersensitivity/ 
sensitivity, root hypersensitivity/sensitivity, cemental 
hypersensitivity/sensitivity, toothbrush disease. 


@¢ The other terms 


@ The primary underlying clinical cause for dentin 
hypersensitivity is exposed dentinal tubules. This 
clinical condition allows for fluid flow within the 
tubules (the hydrodynamic theory) creating pain. 


@ The underlying dentin can be exposed by loss of 
enamel or cementum due to attrition, abrasion or 
erosion. Sometimes, when cementum does not 
overlap enamel or as a part of developmental anomaly, 
dentin is exposed. 


@ The only hypersensitivity not associated with this 
aetiology is the transient spontaneously resolving 
hypersensitivity associated with the dental bleaching 
process. 
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Theories of Dentine Sensitivity: 


Three theories of dentine sensitivity: 


|. Neural theory - Suggests that the dentine is 
directly innervated 


2. Odontoblastic transduction theory - Suggests 
that the odontoblast acts as a receptor. 


3. Hydrodynamic theory - Suggests that the 
receptors are in the pulp and are stimulated by fluid 
movement through the tubules. 


Neural theory: 


Based on this theory, thermal or mechanical stimuli directly 
affects the nerve endings within the dentinal tubules, 
which communicates directly with pulpal nerve fibres. It 
is supported by detection of unmyelinated nerve fibres 
in outer layer of root dentine and putative neurogenic 
polypeptides. 


However, this theory has little evidence to support it and 
has only theoretical value. Histological stains for nerves 
also disproved this theory. Electron microscopy revealed 
that nerves penetrate the dentinal tubules for a very short 
distance, especially over the pulp horns. 


Odontoblastic transduction theory: 


Based on this theory proposed by Rapp et al., odontoblastic 
processes on exposed dentinal surface could get excited 
by chemical and mechanical stimuli. These odontoblasts 
are of neural crest origin and can act as receptor cells. 
Neurotransmitters are releasedon nerve excitation and 
impulses are transmitted to nerve endings. 


However, till date, neurotransmitters have not been 
detected in relation toodontoblastic processes. Most of 
the odontoblastic processes extend only 0.5 to | mm from 
pulpal end. Dentin remains sensitive even after aspiration 
of dentinal tubules or nerve injury. 


Hydrodynamic theory: 
In [9th century, Gysi reported that there was an outward 
flow of fluid along dentinal tubules. 


This theory was proposed by Brannstrom, Astron and co- 
workers in 1964. This theory proposes that fluids within 
the dentinal tubules are disturbed by thermal, physical 
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or osmotic changes. These fluid changes or movements 
stimulate a baroreceptor which leads to neural discharge 
of A-B and A-o fibres. The basis of this theory is that the 
fluid filled dentinal tubules are open to the oral cavity at 
the dentine surface and also within the pulp. 


This is the most widely accepted theory. It is reported that 
clinically hypersensitive teeth had 8 times higher number 
of tubules, two times larger in diameter, al 6-fold increase 
in tubular fluid flow and were mostly open in comparison 
to non-sensitive teeth. This width variation has clinical 
relevance. 


Berman describes this reaction as: “The coefficient of 
thermal expansion of the tubule fluid is about ten times 
that of the tubule wall. Therefore, heat applied to dentin 
will result in expansion of the fluid and cold will result in 
contraction of the fluid, both creating an excitation of the 


999 


‘mechanoreceptor’. 
It can explain excitement for various kinds of stimuli. 


@ Air movement over the exposed dentine surface 
can lead to dehydration and desiccation. This leads 
to outward movement of dentinal fluid towards the 
dehydrated surface and triggering of nerve fibres 
resulting in pain sensation. 


@ Similarly, thermal changes can lead to expansion or 
contraction of dentinal tubules, altering the flow of 
dentinal fluids and excite the nerve fibres causing 
pain. 


<> Cold and evaporative stimuli are more painful. 


<> Heat produces a slow, transient movement of 
fluid and is less dramatic. 


@ High osmotic stimuli such as sugar, acid, and salt can 
also result in fluid flow within the dentinal tubules; 
induce nerve stimulation and painful sensations. 


@ Physical stimulation is more difficult to explain 
through this theory. Although it is possible that 
mechanical abrasion of the exposed dentine surface 
may induce unwanted fluid flow within the dentinal 
tubules with resulting pain from the stimulated nerve 
fibres “Stiletto heel effect”. 


Epidemiology: 


The reported incidence of DH varies between 4 to /4% 
among study population. It is reported to be common 
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among patients with periodontal disease, patients with 
gingival recession and smokers with periodontal disease. 


The peak incidence is at the end of third decade and declines 
by fourth and fifth decades. A slightly higher incidence 
among females due to their oral hygiene and diet. 


This could be due to decreased dentine permeability and 
neural sensitivity with age. [The long-term use of fluoridated 
toothpaste can occlude open dentinal tubules, reducing 
hypersensitivity. 

lt most commonly affects buccal cervical areas of canines, 
premolars, and first molars. The incisors being the least 
affected teeth. Around 65-98% of patients report of DH 
after periodontal treatment or surgery. 


Gingival recession and tooth erosion are an important 
factor for DH along with cervical enamel loss. 


The most common clinical cause for exposed dentinal 
tubules is gingival recession. The recession may or may 
not be associated with bone loss. If bone loss occurs, then 
more dentinal tubules can be exposed. A wide range of 
mechanisms has been proposed as causes of recession. 


When gingival recession occurs, cementum is exposed. 
Cementum, being a very thin outer protective layer on 
dentin, is easily abraded or eroded away. This leaves the 
underlying dentin open to oral environment. Dentin consists 
of tubules which contain the protoplasmic projections of 
the odontoblasts within the tooth pulp chamber. These 
cells contain nerve endings and when disturbed, depolarize. 
This neural discharge is interpreted as pain. 


Normally exposed tubules are covered incompletely by a 
smear layer. 


Clinical significance: 


Dentinal hypersensitivity isan uncomfortable and unpleasant 
sensation for patients. It can determine the type of foods 
and drinks to be ingested. Most of the times, the patient 
tries over-the-counter medications for relief. 


The pain has a rapid onset and is usually of short duration, 
but it can persist as a dull ache. It could be dull or sharp, 
vague or specific and intermittent or constant in nature. 


For DH to occur, there should be exposure of dentin 
surface on the tooth (Lesion localisation). The tubules 
should be in continuity with oral environment and pulp 
(Lesion initiation). 
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Differential diagnosis of DH: 
The diagnosis of dentinal hypersensitivity is always diagnosis 
of exclusion. 
@ Atypical facial odontalgia. 
Caries — coronal/root. 


Congenitally open CEJ. 


e¢- + 


Cracked tooth syndrome — sharp, intermittent pain — 
biting, rebound pain. 


Chipped teeth. 

Enamel hypoplasia and dental anomalies. 
Gingivitis. 

Marginal leakage around restorations. 
Fractured restorations. 

Improperly insulated metallic restorations. 


Palato-gingival grooves. 
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Post-operative sensitivity after restorations and 
periodontal procedures. 


Restorations in traumatic occlusion. 


Sd 


@ Pulpal response to restorations. 
@ Pulpitis 


<> Reversible — sharp pain evoked by stimulation — 
hot, cold, sweet. 


<> Irreversible — sharp, throbbing, intermittent/ 
continuous pain — hot, chewing, lying flat. 


¢ Vital bleaching procedures. 
Diagnosis and management of DH: 


¢ Complete Patient's history — 


<> Verbal screening for symptoms and pain of dentinal 
hypersensitivity. 
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<> Identification of etiological and predisposing 
factors — 


e Diet — extrinsic/intrinsic acids, high-acid 
drinks or food 


e Oral hygiene habits — overzealous brushing 


e Previous dental treatments — scaling, surgery, 
bleaching, and restorations 


@ Clinical examination to identify exposed cervical 
dentin - dental abrasion, erosion, gingival recession. 


<> Tactile, cold and evaporative air stimuli are 
physiologicalin nature and are easy to control. 


e Tactile stimulation with dental explorer 
by scratching in mesio-distal direction on 
exposed dentin. 


< Air syringe to direct air stream on affected/ 
exposed dentin surface. 


<> Other tools include cold water jet, thermal tests, 
electrical devices and bite stress tests. 


<> Use a 2nd stimulus to confirm DH. 
If other dental diseases are present, treat them. 
@ Removal/minimize the causative factors 
@ Dietary advice and oral hygiene instructions 
@ In office and at home individualized treatment plan. 


Commonly used scale to assess subject response — Schiff 
cold air sensitivity scale 


0 — Subject does not respond to air stimulus 


| — Subject responds to air stimulus but does not 
request discontinuation of stimulus 


2 — Subject responds to air _— stimulus 
request discontinuation or moves from stimulus 


and 


3 — Subject responds to air stimulus, consider stimulus 
to be painful and request discontinuation of stimulus. 


For dental practice, a continuous !00-mm/ 0-10 
visual analog scale (VAS)or a descriptive scale (slight/ 
moderatelintense pain) could be recommended. 
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STIMULI ELICTED 


TO CHECK FOR MECHANICAL 


DENTINAL 


uveersensitivity / TACTILESTIMULI 


CHEMICAL/OSMOTIC 


STIMULI: 


THERMALSTIMULI 


EVAPORATIVE 


STIMULI 


ELECTRICSTIMULI 


Tab 33.1: Evaluation of dentinal hypersensitivity 


Dentinal Hypersensitivity )) 


EXPLORER PROBE 

CONSTANT PRESSURE PROBE (YEAPLE) 
MECHANICAL PRESSURESTIMULATORS 
SCALING PROCEDURES 


SINGLE-TUFTED BRUSH 


HYPERTONICSOLUTIONS - SODIUM CHLORIDE, GLUCOSE, SUCROSE 
CALCIUM CHLORIDE. 


ELECTRONICTHRESHOLD MEASUREMENT DEVICE 
COLD WATER TESTING 

HEAT 

THERMO-ELECTRIC DEVICES - BIOMAT THERMAL PROBE 
ETHYL CHLORIDE 


ICESTICK 


COLD AIR BLAST 
YEH AIR THERMAL SYSTEM 
AIR JET STIMULATOR 


TEMPTRONIC DEVICE (MICROPROCESSOR TEMPERATURE 
CONTROLLEDAIR DELIVERY SYSTEM) 


Electric pulp testers. 
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* Periodontal pathologies. 

welt 

SM eleh taste 

Patel elit lenl alee 

* Professional oral hygiene. (7-10 days post scaling and root planing) 

* Acidic foods and beverages. 

ePoor plaque control, i.e., acidic bacterial by-products. 

«Poor oral hygiene habits or incorrect brushing techniques with consequent gingival recessions, etc. 
«Removal of orthodontic fixed appliances could expose teeth to hypersensitivity. 


ITIVI 


© Cervical caries. 

* Medical conditions: Bulimia nervosa, Gastroesophagea reflux disease, Salivary hypofunction (eg.,Xerostomia.) 
Chronic alcoholism 

eA combination of the above. 


Etiology/Risk factors for 
Dentinal Hypersens 


Fig 33.1: Etiology /Risk factors for dentinal hypersensitivity 


Recommendation for daily practice: 


Verbal screening for new patient 





Does your teeth hurt when eating or drinking 


hot. cold. acidic food or drinks? Does your teeth hurt when you brush teeth? 





Personal behavior, Previous dental Clinical signs like erosion, recession, 
procedures periodontitis, caries, tooth fracture 


Patients with suspected dentinal hypersensitivity- positive in first two steps 





Thorough differential diagnosis Specific examination for DH 
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Treatment Strategies 


The modes of treatment include partial or complete 
obliteration of dentinal tubules or alteration of pulpal 
sensory activity or both.Since dentinal tubules naturally 
undergo sclerosis and seal themselves over time, treatment 
should focus on eliminating factors associated with 
continued dentinal tubule exposure. 


Once the dentinal tubules are exposed, there are often 
oral processes or habits that keep them exposed. These 
include poor plaque control, enamel wear, cervical erosion, 
incorrect oral hygiene technique, and exposure to acids. 
Patients with poor plaque control report more symptoms 
with dentine hypersensitivity. 


According to Trowbridge and Silver, this can be 
attained by 


|. Formation of the smear layer produced by burnishing 
the exposed surface. 


2. Topical application of agents that form insoluble 
precipitates within the tubules. 


3. Impregnation of tubules with plastic resins or 
4. Sealing of tubules with plastic resins. 


Desensitizing agents can be applied by the patient at home 
or by the dentist or hygienist in the dental office. The most 


Table 33.2: Treatment Options 


I. Desensitize the nerve 


2.  Adnti-inflammatory agents 


3. Cover the dentinal tubules 


Dentinal Hypersensitivity 


likely mechanism of action is the reduction in the diameter 
of thedentinal tubules so as to limit the displacement of 
fluid in them. 


The criteria for an ideal desensitizing agent proposed by 
Grossman in 1935 include, 


@ Non-irritant to the pulp 
Relatively painless to apply 
Be effective for long periods 
Easy application 

Rapid action 
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Constantly effective 
@ No tooth discoloration 


To date, no single agent or form of treatment has been found 
effective for all patients. Solutions, gels and pastescontaining 
fluorides in varying compounds and percentages, calcium 
hydroxide, strontium chloride, potassium nitrate, sodium 
citrate, formaldehyde, or potassium or ferric oxalate have 
all been tried, with varying degrees of success. 


The clinical management is based on its involvement — 
localized or generalized DH.The isolated, in-office approach 
can be used for localized form, and home-care products 
could be used for generalized form of DH. 


Potassium nitrate 


Corticosteroids 


Periodontal surgery/grafting 


Composite/glass ionomer 
restoration 


Crown placement 


Plug (sclerose) the dentinal 
tubules ° 
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lons/salts 
Calcium hydroxide 
¢ Stannous fluoride 


¢ Sodium fluoride/stannous 
fluoride combination 


¢ Potassium oxalate. 
e Ferrous oxide 


¢ Silicate 
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Sodium monofluorophos- 
phate 
Sodium citrate 


Aluminium 


Ammonium 


Calcium carbonate 


Arginine/ bioactive glass/ 

strontium acetate 

In combination with an 

adhesive, desensitizing 

agents and fluoride. 

¢ Strontium acetate with 
fluoride. 

Precipitates - proteins/ 

amino acids 

¢ Glutaraldehyde or Formalde- 
hyde 

¢ Silver nitrate 

¢ Strontium chloride hexahy- 
drate 

¢ Zinc chloride 

Phytocomplexes 

¢ Rhubarb rhaponicum 

¢ Spinaciaoleracia 

Fluoride iontophoresis 

Dentin sealers 

¢ Resins 
— Methyl methacrylate, 

methacrylate, HEMA. 

Copal varnishes 

¢ Dentinal adhesives 

¢ Lasers. 

— Nd:YAG laser 

— Diode laser 

— Er:YAG and Er,Cr:YSGG 
lasers 


Homeopathic medications 
¢ Plantago major 
¢ Propolis 
4. Medical Hypnosis/ 
hypnotherapy 
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Nerve Desensitization: 


Currently, there is only one compound that claims to 
desensitize the nerve. That compound is potassium 
nitrate. 5% to 10% in a toothpaste or bioadhesive gel is 
proven to be effective. 


Mechanism of action: It is theorized that potassium nitrate 
penetrates through the dentinal tubules to the nerve. The 
high concentrations of potassium ion may depolarize the 
nerve and prevent it from repolarising, thereby preventing 
it from sending pain signals to the brain. It can also have 
an oxidizing effect or blocking of tubules by crystallization. 


The dentifrices usually contain potassium salts — chloride, 
citrate, oxalate or nitrate. 


Anti-inflammatory agents: 


Trials could not prove their efficacy, and they are presumed 
to induce mineralization and tubule occlusion. 


Covering or Occluding Dentinal Tubules: 


The methods to physically cover the dentinal tubules 
include periodontal surgery. The other means of 
covering the dentinal tubules is to seal the surface either 
with a dentinal sealer or a composite / glass ionomer 
restoration. 


Naturally, closure can take place from precipitation 
of calcium ions in the form of calculus or by the 
formation of sclerotic dentine. 


Calcium hydroxide: 


It has immediate effect, through binding loose 
protein radicals and occluding dentinal tubules. It also 
increases the mineralization of exposed dentin. Its effect 
diminishes rapidly and requires multiple applications. 
It can also irritate gingiva. 


Casein phosphopeptides: 
There is no conclusive evidence on its efficacy 
Sodium fluoride: 


It is applied in the form of toothpastes and concentrated 
fluoride solutions. Its effect is based on precipitation into 
exposed dentinal tubules and increased resistance to acid 
decalcification. The fluoride precipitate may mechanically 
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block the tubules or inhibit transmission of stimuli. However, 
SEM studies were inconclusive. 


Stannous fluoride: 


lt is applied in the form of aqueous solution or 
glycerine gel with carboxymethyl cellulose. Its high 
mineral content creates a calcific barrier and blocks the 
dentinal tubules. It can also precipitate on the dentin 
surface and cause occlusion. 


Strontium containing dentifrices: 


They usually contain strontium chloride or acetate. 


Strontium has  an_ affinity towards dentin and 
occludes dentinal tubules. 

Fluoride iontophoresis: 
lontophoresis is the act or _ process’ of 


introducing therapeutic agents into tissues using an 
electrical current or _ electrochemical gradient. 
(Glossary of Periodontal Terms, 2001) 


lt is a process of influencing ionic motion by an electric 
current and used along with sodium fluoride. There is an 
immediate reduction in sensitivity but symptoms gradually 
recur in the next 6 months. 


Formaldehyde/ Glutaraldehyde: 


They can precipitate salivary proteins in dentinal tubules 
but had no effect in reducing hypersensitivity. As these 
solutions are fixatives, extreme caution to avoid vital soft 
tissues like gingiva on application. 


Dentin sealers: 


Resins and Adhesives: 


They are used to seal dentinal tubules. However, their 
efficacy reduces when the adhesive breaks away from dentin. 
It is used in localized/specific dentinal hypersensitivity than 
generalized conditions. 


Lasers: 


Nd:YAG and CQO2 lasers have been used to occlude 
dentinal tubules. When used with sodium fluoride varnish 
or stannous fluoride gel, it could be effective for 6 
months. 
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Combination of desensitizing agents and 
fluoride: 


The US-FDA granted Category | status for combination 
of 5% potassium nitrate: fluoride dentifrices. They were 
effective in relief of dentinal sensitivity and afforded 
protection against dental caries. 


Restorative materials: 


It is an invasive mode of management. Composite resins 
and glass ionomer cementsare routinely used. They are 
used when cervical tooth structure is lost or when other 
conservative treatments were unsuccessful in class V 
cases. 


Periodontal surgery: 


Regenerative mucogingival therapy using Soft tissue grafts 
like lateral sliding grafts, free gingival grafts, connective 
tissue grafts and coronally repositioned flaps are used 
to cover exposed dentinal tubules. However, the 
efficacy of root coverage procedures is unpredictable. 


The placebo effect in DH: 


A strong placebo effect has been shown in DH management. 
The possibility of spontaneous healing always exists in such 
patients. DH may decrease with time due to deposition of 
reparative dentin. 


Some decrease in pain is noted immediately after initiation 
of therapy. There is fluctuation of symptoms, and different 
environmental factors are the key causative agents. 
Differences in the approach of questionnaires can report 
less pain than actual. 


TREATMENT STEPS 


|. Thorough exam to identify aetiology and eliminate 
tooth fracture and irreversible pulpitis. 


2. Suppress the risk factors — biofilm, excessive dietary 
acids, wine. 


a. Use straw to drink acid beverages. 


b. Rinse the mouth with water and avoid brushing 
for atleast 30 minutes after any acidic challenge to 
teeth. 


c. Maintain good oral hygiene 
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d. Wear night time splints to minimize tooth 
wear with parafunctional habits. 


e. Avoid using toothbrush with hard filaments. 
3. Tooth brushing away from mealtimes 
4. Advise against traumatic tooth brushing 


5. Guaranteeing compliance with use of de-sensitizing 
agents. 


a. Potassium nitrate containing product/toothpaste 
twice a day for at least 2 weeks. 


6. In-office tubule occluding product. 


7. Potassium nitrate containing product in a tight-fitting 
dental tray. 


8. In-office tubule sealer. 


9. Dental restoration, or a_ periodontal 
procedurethat covers the exposed dentin. 


surgical 


10. Endodontic procedure to remove the pulp. 


Self-performed therapy at home - Agents 
used by the patient: 


Agents approved by the ADA for use by patients as anti- 
sensitivity agents are 


Sensodyne & Thermodent Strontium chloride 


Crest sensitivity protection, Potassium nitrate 


Denquel& Promise 


Protect Sodium nitrate 


Listerine Advanced Defence Potassium oxalate 


Sensitive (LADS) 


The desensitizing agents can interact with fluoride and 
chlorhexidine. Advise the patient not to rinse or eat for | 
hour after a desensitizing treatment. 


Most*at home” agents are dentifrices and mouthrinses that 
contain one or a combination of aforementioned items. 
They usually contain potassium nitrate, stannous fluoride, 
sodium fluoride, and sodium monofluorophosphate and 
strontium chloride. 


These agents do provide relief from dentinal hypersensitivity. 
There are very limited data on toxicity or safety issues 
with these agents. Fluoride formulations should be used 
with caution among children. 
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The most effective treatment for majority of patients is Principal References and Suggested Further 
simple, daily plaque removal. This allows time to remineralize Reading: 


dentinal tubules from salivary minerals and can alleviate the 
discomfort. Use of dentifrices can enhance the efficacy. 


In office treatment - Agents used in dental 
Office: 


In dental office currently, POTASSIUM and FERRIC 
OXALATE solutions are the preferred agents. They form 
insoluble calcium oxalate crystals that occlude the dentinal 
tubules. 


Protect Potassium oxalate 





SuperSeal Potassium oxalate 


Sensodyne sealant Ferric oxalate 


Use of adhesives and lasers as in-office treatment should 
be followed with desensitizing dentifrices. 


Conclusion: 


Though DH is not life threatening, it causes considerable 
discomfort and affects the daily routine of patients. The 
treatment of DH should focus on pain reduction and 
modification of exposed dentin. Treatment should be 
individualized to every patient based on their clinical 
presentations. 


The role of placebo effect is beneficial in management 
of pain. The role of psychological co-therapeutic strategy 
could be an important aspect of DH management to handle 
patient’s expectations and improve their confidence. 


Review Questions: 


Essay questions: 
|. Describe the theories of dentinal hypersensitivity. 


2. Discuss the mechanism and management of dentinal 
hypersensitivity. 
Short notes: 


3. What is the differential 
hypersensitivity? 


diagnosis of dentinal 


4. What is iontophoresis? How is it used in the 
management of dentinal hypersensitivity? 
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Introduction: 


Healthy periodontium plays an important role 
maintaining oral health of the child. Knowledge of the 
normal or healthy periodontium is essential to 
recognize the deviation from the normal. 


The periodontium during childhood and 
puberty is in constant state of change owing to the 
exfoliation and eruption of teeth. This makes a 
general description of the normal periodontium 
difficult because it varies with the age of the patient. 


Zappler described ‘the gingiva in children as 
more reddish, lacking stippling, flabbier, rounded and 
rolled and with a greater sulcular depth; the 
cementum as being thinner, less dense and with a 
tendency to hyperplasia: the periodontal membrane as 
wider, with less dense fiber bundles, and with greater 
blood supply; the alveolar bone with a thinner lamina 
dura, fewer trabeculae, larger marrow spaces, 
decreased degree of calcification and greater blood 
and lymph supply’. 

Normal Periodontium: 


= The colour of normal gingiva is either pink or 
red. The pigmentation of gingiva may vary from 
in different races of children. 

= Variations in gingival contour, thickness and 
height are dependent on the presence of 
diastema, degree of eruption and missing teeth. 


Feature 
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The zones of gingiva in children: 


° Marginal gingiva 
° Attached gingiva 
° Interdental gingiva 


Marginal Gingiva: 
The free gingival margin and the gingival sulcus 
form this structure. 


e Appears round, thick and rolled in primary teeth 
than permanent teeth due to the morphological 
characteristics such as_ cervical bulge and 
underlying constriction in the CE], unlike knife- 
edge appearance as seen in permanent teeth. 


e The marginal gingiva is flaccid, can be retracted 
easily by a blunt instrument or simple blast by 
air syringe. 

e Rounded form should not be mistaken for 
gingivitis. Marginal gingivitis may look more 
accentuated because of the rolled-out 
appearance. This peculiar appearance of 
marginal gingiva in primary dentition due to 

= Immature collagen fibers. 


= Incomplete differentiation of gingival 
fibers. 


= Increased blood supply to the region. 


=" Cervical prominence and constricted 
neck of primary molars. 
Gingiva in adults 





Marginal gingiva 


» Wider, less stippling. 
= Less dense, redder 
= 2 unique features- 


Attached gingiva 


e Interdental clefts, 


Round, thick, rolled, flaccid, retractable. 


Knife-edge margin seen. 


More stippled coral pink. 


e Retrocuspid papillae. 


Papillary gingiva 7 


No interdental col formation, also 2 
known as interdental saddle. " 


Pyramidal or col shape 
More susceptible to infection. 


= Less susceptible to infection. 





Gingival sulcus More (1.4 - 2.1 mm) 


Less. 


Tab 34-1: Differences between children and adult gingiva 
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Attached Gingiva: 


In children, the attached gingiva is continuous with 
marginal gingiva. 


It is dark pink in color and appears less dense and 
increased redness, because of less keratinization 
and greater vascularity. 


It is more flaccid because of increased connective 
tissue density. 


It is wider than permanent dentition with less 
stippling. 
Interdental Clefts are seen apical to the interdental 


areas. They are normal and seen apical to 
interdental areas underlying the saddle areas. 


The retrocuspid papilla is Imm below the free 
gingival groove on the attached gingiva lingual to 
the mandibular canine. 


Seen in 85% of children decreases with age, not to 
be confused with intraoral swelling 


The width of the attached gingiva is narrower in 
the mandible than the maxilla 


Its width increases with the transition from 
primary to permanent dentition. 


Interdental Gingiva: 


Occupies the gingival embrasure, which is the 
interproximal space beneath the area of tooth 
contact 


The “Col” in the adults is non-keratinized and is 
more susceptible to infection. 


In children, spacing between the teeth leads to 
interdental saddle, which is well keratinized. 
Hence, gingiva is less vulnerable to inflammation. It 
may be one of the reasons for lower incidence of 
periodontal disease in children. 


Alveolar Mucosa: 


It has thin epithelium and absence of keratin, 
therefore, appears redder than pink gingiva. 


lt contains abundance of elastic fibers and is readily 
movable. 


The width increases with age and eruption of 
teeth. 


Gingival and Periodontal Problems among Children) 
Gingival Sulcus 


The sulcus depth around primary teeth is greater 
than permanent teeth, often exceeds 6-7 mm. The 
stability of gingiva is seen at about | 2-16 years. 


Gingival Stippling: 
# Stippling varies with age 
# It is absent in infancy 
= |t appears in children at about 5 years of age 


# It increases till adulthood and frequently begins 
to disappear in old age. 


Periodontal Ligament: 


Children have a wider periodontal ligament than the 
adults. 


Alveolar bone: 


= tis immature and more elastic and pliable in 
children. 


=» Less calcified. 
=» It has fewer trabeculae. 
= Large bone marrow space 


#® Thinner lamina dura and flatter interdental 
crests. 


= Blood supply and lymphatic drainage are 
extensive. 


Periodontal diseases in children: 


» The common diseases encountered in children 
include, 


“* Gingival diseases 
“* Chronic periodontitis 
«* Aggressive periodontitis 


“¢ Periodontitis as a manifestation of 
systemic diseases 


«* Necrotizing periodontal diseases 
«* Periodontal abscess 
«* Endo-perio lesions 


«* Developmental or acquired conditions. 
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Plaque induced gingivitis: 
Severe gingivitis is relatively uncommon in children 
although a large portion of child population has a mild, 
reversible type of gingivitis. 
Etiology: 

= Plaque-dependent. 


= Reactivity gradually increases with age, and it is 
related to hormonal changes. 


# Local factors like poor oral hygiene, crowding of 
teeth, orthodontic appliances, mouth breathing 
and eruption of teeth 


" Clinical features: The gingiva shows erythema, 
oedema, bleeding sensitivity, tenderness, and 
enlargement. 


# Treatment includes oral prophylaxis and 
maintenance of oral hygiene. 





Fig 34-I: Marginal gingivitis. 
Puberty-associated gingivitis: 
It is usually found in circum-pubertal period (9-14 
years) in both male and female adolescents, in areas 


of local irritation and mainly in marginal gingiva and 
interdental gingiva. 


Clinical Features: 


= The size of the gingival enlargement far exceeds 
that usually seen in association with comparable 
local factors. 


# It frequently recurs than chronic inflammatory 
enlargements. 


# It involves the marginal and interdental gingiva. 


» tis characterized by prominent bulbous 
interproximal papillae. 
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= Frequently, only the facial gingiva are enlarged, 
and the lingual surfaces are relatively unaltered. 
The mechanical movements of the tongue and 
masticatory action reduce accumulation of local 
irritants on the lingual surface. 


= Gingival enlargement during puberty has all of 
the clinical features generally associated with 
chronic inflammatory gingival disease. 


=» After puberty, the enlargement undergoes 
spontaneous reduction but does not disappear 
until local irritants are removed. 


Treatment: 


= Removing all the source of irritation and plaque 
control by means of scaling and curettage. 


Early onset/ Chronic Periodontitis: 


Local periodontal risk factors like plaque retention 


factors, location of high  frenal attachments, 
malocclusion, the presence of mouth breathing and 
incompetent lip seal should be identified and treated 
promptly. 


Aggressive Periodontitis: 


The prevalence: 0.1 to 0.76%. It is highest in black 


males. 

° It can be Localized or generalized. 

° There is little plaque accumulation and calculus 
formation. 

° Lack of clinical inflammation with mobility and 
migration 

. Presence of vertical bone loss 


Localized Aggressive Periodontitis (LAP): 


Pocket formation, attachment loss and deep 
interproximal loss of the alveolar bone, limited to the 
first molars and incisor teeth, in an otherwise clinically 
healthy patient. 


" High populations of A.Actinomycetemcomitans. 


= Bacterium possesses several virulence factors 
that can aid its colonization of susceptible hosts: 
these include collagenases, bacteriocin, a 
fibroblast-inhibiting factor, and an endotoxin. It 
produces a potent leukotoxin 


= Patients with LAP have defective neutrophil 


chemotaxis, decreased phagocytic and 
bactericidal activity. 
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Generalized Aggressive Periodontitis: 
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Non-plaque induced gingival and periodontal diseases: 


Subgingival flora is much more complex than Lal 


localized form consisting of predominantly non-motile, 
facultative, Gram-negative anaerobes. 


B__ forsythus, 


P.gingivalis, P.intermedia, 


Etiology 


Fusobacterium Viral infections 


nucleatum, Campylobacter rectus, Eubacterium species and 


several spirochetes. 
Clinical features: 


There is marked plaque and calculus accumulation, and 


Fungal infections 


clinical signs of gingival inflammation are evident 


Rapid destruction of periodontal tissues and exfoliation 
of teeth despite aggressive therapeutic intervention and 


antimicrobial treatment. 
Management 
" Scaling and root planing 


Genetic conditions 


= Two-week course of tetracycline antibiotic therapy 


= Radical approach: flap surgery for better access to 
remove infected connective tissue. 


Vitamin C Deficiency: 


If there is acute vitamin C deficiency, haemorrhage, 
collagen degeneration, and edema of the gingival 


Systemic diseases 
with gingival 
manifestations 


connective tissue can be seen. These changes modify 
the response of the gingiva to plaque to the extent that 
the normal defensive delimiting reaction is inhibited, 
and the extent of the inflammation is exaggerated. 


The combined effect of acute vitamin C deficiency and 
inflammation produces the massive gingival enlargement 


In scurvy. 


Clinical Features: 


= The marginal gingiva is bluish red, soft, and friable 


and has a smooth, shiny surface. 


=» Haemorrhage occurring either spontaneously or on 
slight provocation, and surface necrosis with 
pseudomembrane formation are common features. 


= Foul breath is typical. 


# Swelling of periodontal membrane may occur 


followed by loss of bone and loosening of teeth 


which eventually exfoliates. 


Traumatic causes 


= Sometimes ulceration and necrosis of the papillae as 


infection becomes superimposed upon the 


susceptible tissues. 
Treatment: 


Drug-induced 
diseases 


» Vitamin C supplements in tablets, citrus fruits 


# Oral prophylaxis and maintenance of oral hygiene. 


Periodontics & Oral Implantology 


Conditions/Lesions 





Herpangina, Hand, Foot, and Mouth 
Disease, Primary and Secondary 
Herpes Simplex | & Molluscum 
contagiosum. 

Candidosis, Linear gingival erythema & 
Deep mycoses like Aspergillosis, 
Blastomycosis, Coccidiomycosis, 
Cryptococcosis, Histoplasmosis and 
Geotricosis 


Hereditary gingival fibromatosis 
Down’s syndrome. 
Hypophosphatasia. 
Chediak-Higashi syndrome. 
Histiocytosis-X. 

Leukocyte adhesion deficiency. 
Acrodynia. 


Insulin dependent juvenile 
diabetes 
Coeliac disease 
Vitamin deficiency - Scurvy 
Haematological diseases 
e Benign — 
Agranulocytosis, cyclical 
neutropenia 
e Malignant — Leukaemia, 
Lymphoma 
Granulomatous inflammation 
e Crohn’s disease 
e Sarcoidosis 
e Melkersson-Rosenthal 
syndrome 
e Tuberculosis 
Immunological conditions 
e Hypersensitivity 
reactions 
e Lichen planus 
e Aphthous stomatitis 


Thermal burns 

Chemical ulcers 

Physical injuries 
Immune complex reactions, 
Erythema multiforme 
Lichenoid drug reactions 
Cytotoxic drugs like Methotrexate 
and Hydroxychloroquine, 
Pigmented drugs like Doxycycline, 
Antimalarials and Oral 


contraceptives and Anti-retroviral 
drugs like Anti-HIV drugs 


Cy 
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Acute Herpetic Gingivo-Stomatitis 
Etiology: 


lt is the primary infection of the oral cavity caused by 
the Herpes simplex virus (HSV) type I. 


lt occurs most frequently in infants and children 
younger than 6 years of age, but can also be seen in 
adolescents and adults. 


Clinical Features 


lt appears as a_ diffuse, erythematous, — shiny 
involvement of the gingiva and the adjacent oral 
mucosa, with varying degrees of oedema and gingival 
bleeding. 


» Diffuse, erythematous, shiny discoloration and 
oedematous enlargement of the gingiva with a 
tendency toward bleeding. 

= The course of the disease is limited to 7 to |0 days. 

=» The diffuse gingival erythema and edema that 
appear early in the disease persist for several days 
after the ulcerative lesions have healed. 


= Scarring does not occur in the areas of healed 
ulcerations. 

The disease is accompanied by _ generalized 
“soreness. of the oral cavity that interferes with 
eating and drinking. 
= The ruptured vesicles are the focal sites of pain and 

are particularly sensitive to touch, thermal changes, 

foods such as condiments and fruit juices, and the 
action of coarse foods. 


= In infants, the disease is marked by irritability and 
refusal to take food. 


Diagnosis: 


The diagnosis is usually established from the 
patient's history and the clinical findings. Lab 
investigations include virus culture, immunologic tests 
using monoclonal antibodies or DNA hybridization 
techniques. 

Treatment: 
Treatment is directed toward the relief of the acute 
symptoms so that fluid and nutritional intake can be 
maintained 
= Application of mild topical anaesthetic before meal 
time will temporarily relieve pain and allow child to 
take soft diet. 


= Antiviral therapy: 
e Acyclovir 10 — I5 mg/kg. 5 times a day. 
e Acyclovir Topical ointment. 
e Valacyclovir: 250 — 500 BID. 

= Antibiotics: for secondary infections. 


(ey 


Section - V 


Aphthous Stomatitis: 
Etiology: 


# Associated with Local and systemic conditions, 
Genetic and Immunologic factors 


= Can be autoimmune reaction of the oral 
epithelium. 


# Local factors — trauma, allergy to toothpaste 
constituents (Sodium lauryl sulphate) and salivary 
gland dysfunction. 


Precipitating factors: 


# Injuries caused by cheek biting and minor facial 
irritations. 


# Nutritional deficiency - Iron deficiency, Vitamin 
B12 and folic acid deficiency. 


= Stress. 
Types: 
# Minor aphthous 
# Major: 
e Suttons Aphthae 
e Disseminated - Behcet’s Syndrome. 
Minor Aphthous Ulcers: 


" Localized lesions. There is no generalized 
redness. 


# It occurs in older children above 5 years. 


# There is no scarring. 


Major Aphthous Stomatitis: 
Behcet’s Syndrome: 


» It shows an early onset with oral, genital and 
ocular lesions. 


=» It often presents with primary herpes. It can be 
fatal in severe cases. 


Treatment: 


» Promoting ulcer healing, reducing pain, 
maintaining patient’s nutritional intake. 


= Topical anti-inflammatory and analgesics. 


= Topical gels: Topical corticosteroid. 5% 
triamcinolone applied to the area with a mucosal 
adherent like Orabase. 


# Chlorhexidine mouthwashes. 
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Stevens-Johnson syndrome: (Erythema Systemic factors: 


multiforme) # Nutritional — Vitamin. B, C deficiency, 


Etiology: # Debilitating disease — Blood dyscrasias, 


Although the etiology of is unclear in most malnutrition, diabetes, AIDS. 


patients, in some this mucocutaneous disorder is |" Viral infections 
precipitated by infections like herpes simplex or =» Others causes — emotional stress in students, 
mycoplasma, drugs like sulphonamides, barbiturates, Lack of sleep 


hydantoins and cephalosporins. Clinical features: 


Clinical features: Primary: Gingival bleeding at times spontaneous, 


=» [It can produce oral ulceration in children. pain, interdental ulceration, punched out crater-like 


= The oral lesions usually affect the lips and @PPSérance, necrosis of papilla, fever. 


anterior oral mucosa Secondary: Pseudomembrane, fetid odor, bad taste, 


oa. den sensation of h. 
» There is initial erythema followed by bullae MOOR ee ea Mor tert 


formation and ulceration. Treatment: 


Treatment: = Local: Removal of acute inflammation, treatment 


of chronic disease elsewhere in mouth 
= Oral hygiene must be improved. 


» Systemic: 
=» Symptoms may be controlled with coating agents 


and topical anaesthetics (benzydamine oral rinse 
or spray.) 


e Supportive: Alleviation of general toxic 


symptoms- fever, malaise. 
= Chlorhexidine mouthwash may also aid healing. ¢ Copious fluid consumption. 


= Any known precipitants should be avoided. ° Analgesics. 


as e Mouthwash. 
» Systemic antiviral agents (acyclovir) may help 


prevent herpes simplex virus-induced erythema 
multiforme. 


e Antibiotics may be given only in toxic 
states, penicillin is drug of choice. 
Erythromycin, metronidazole can also be 


= Use of steroids if required. given. 


e Response to antibiotics within 24 to 48 
Acute Necrotizing Ulcerative Gingivitis: hours. 


It is defined as an acute, recurring gingival e Rest. 
infection of complex etiology, characterized by Necrotizing Ulcerative Periodontitis: 
necrosis of the tips of the gingival papillae, spontaneous 


bleeding, and pain. Significant destruction of the — gingival 


connective tissue is possible with NUG but when 
Etiology: attachment loss occurs this condition should be 
Precise etiology is not known, but Borrelia considered as a necrotizing ulcerative periodontitis. 


vincenti, fusiform bacilli, and spirochetes are seen in 


smears. Terminal Noma: 
Predisposing factors of NUG: In neglected malnourished children, the 
Local factors: intraoral necrotic process may spread extensively, 


extraorally and is called as Noma. This can lead to 


Eruption of teeth, inadequate restoration margin, . 
necrosis perforating the cheek. 


calculus accumulation, open contacts, occlusal trauma, 
poor oral hygiene, pre-existing gingivitis, smoking. 
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Gingival Enlargements: 
The causes of gingival enlargement are: 
# Drug-induced (Diantin/ Phenytoin) 
# Inflammatory — Local factors and in puberty 
= Congenital. 
# Other Conditions: 
e Eruption cysts. 
e Opercular flaps. 


The severity is usually intense in children than in 
adults with similar amounts of dental plaque. 


Drugs causing Gingival Enlargement: 


The drugs causing gingival enlargement are: 


Dilantin. 
Nifedipine. 
Cyclosporine. 
Sodium Valproate. 
Phenobarbital. 


Verapamil. 


Dilantin Hyperplasia: 


The incidence is 6 — 62%. 
It begins between 2 weeks to 3 months after 
drug intake. 
It worsens with poor oral hygiene. 
It occurs only on attached gingiva. 
The hyperplasia is usually generalized 


throughout the mouth but is more severe in 
the maxillary and mandibular anterior regions. 


It occurs in areas in which teeth are present, 
not seen in edentulous spaces, and the 
enlargement disappears in areas from which 
teeth are extracted. 


Treatment: 


(ey 


First to discontinue the drug intake. 
Increase home care. 


Oral Hygiene Instructions, chlorhexidine 
mouthwash, and flossing 


Pressure splints. 


Periodontal surgery. 
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Fig34-2: Dilantin Hyperplasia 


Cyclosporine A: 


It is an immunosuppressive agent used to prevent 
organ transplant rejection and to treat several 
diseases of autoimmune origin. 


The Onset is from one to several months. The peak 
is achieved in one year and very common in children 
and the trigger dose is 5 — 20 mg/kg. 


Oral lesions: 
= Gingival Hyperplasia. 
= Peri-oral Hyperesthesia. 


= Kaposi's Sarcoma. 





Fig.34-3: Cyclosporine-induced gingival 
enlargement 


Treatment: 
= To discontinue and substitute drug 
= To increase oral hygiene and plaque control. 
# Chlorhexidine mouthwash. 


= Gingivectomy by chemosurgical technique, 
electrosurgery, CO2 laser. 
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Hereditary gingival fibromatosis: 


It is an autosomal dominant disorder. 


= The gingival tissue appears normal at birth, begin 
to enlarge with eruption of primary teeth, 
continue with eruption of permanent teeth and 
cover the clinical crowns of the teeth. 


=» The enlargement affects the attached gingiva as 
well as the gingival margin and interdental papillae 
often limited to the gingival margin and interdental 
papillae. 

» The enlarged gingiva is pink, almost leathery in 
consistency and has a characteristic minutely 
pebbled surface. 

= In severe cases, the teeth are almost completely 
covered, and the enlargement projects into the 
oral vestibule. 

= The jaws appear distorted because of the bulbous 
enlargement of the gingiva. 


# Secondary inflammatory changes are common. 





Fig.34-4: Hereditary gingival hyperplasia. 


Eruption Cyst/ Eruption hematoma: 


This is a type of gingivitis seen in children 
often associated with eruption of teeth. With difficult 
eruption of teeth and subsides after the tooth 
emerge into the oral cavity. This greatest increase in 
the incidence of gingivitis is at 6-7 years as permanent 
teeth begin to erupt. 


Clinical features: 


» It is a form of dentigerous cyst. 

= Incidence: | 1-30% 

= Primary canines and molars are generally 
involved 

= The cyst generally appears as a_ circumscribed, 
bluish fluctuant swelling over an erupting tooth. 


Periodontics & Oral Implantology 


Gingival and Periodontal Problems among Children 
Treatment: 


= If causing delayed eruption of teeth, excision of 
tissue over the crown of erupting teeth. 
=» Applying topical anesthesia like 
ointment before meals. 


Mouth breathing: 


Xylocaine 


Chronic mouth breathing leads to chronic drying of 


tissue. Clinically the gingiva appears red and inflamed. 


Increased lip separation and decreased upper lip 
coverage is been associated with higher levels of 
plaque and gingival inflammation. It usually affects 
palatal sites due to lip incompetence. 


Treatment: Correction of the mouth breathing 
habit and appliances. 


Acute Allergic Reaction: 


The presence of any allergen in contact with oral 
cavity leads to acute allergic reaction. 


The allergens may be 


= Latex. 

» Nickel 

= Cinnamon, nuts and other spices. 
Treatment: 


= Symptomatic treatment. 


= To remove the allergen by avoiding the food 
causing allergy. 


= Use of non-latex products. 
Pyogenic Granuloma: 
= It is a type of non- Specific enlargement. 


= Clinically there appears to be a bright red, or 
purple, spherical peduncle or sessile, keloid like 
enlargement with broad base. 


= It may be firm or friable. 
Treatment: Surgical excision. 


Premature Tooth Loss: 


The causes may be - Childhood 
Hypophosphatasia, — Papillon-LeFevre = syndrome, 
Acrodynia, Cyclic or Familial © Neutropenia, 


Histiocytosis-X, and latrogenic. Clinically, there is 
premature eruption of the primary teeth with gingival 
bleeding, gingival ulceration or hypertrophy. The 
alveolar bone destruction occurs to such an extent 
the roots are completely exposed leading to “floating 
teeth” like appearance. Periodontal destruction is 
more severe if the cyclic neutropenia starts in infancy 
and childhood. Halitosis is present. 
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Down’s syndrome 

It is caused by autosomal inherited trisomy of 
chromosome 21 band q22. Growth retardation, Mental 
deficiency, Muscle hypotonia, Joint hyper flexibility, 
congenital heart disease and defective immune system 
are identified. Decreased number of T Lymphocytes 
and functional defects in neutrophils and monocytes 


Oro-facial features: 
=» Flattened facial profile with epicanthic folds, 
= Expanded bridge of the nose, 
= Opened mouth and a protruding fissured tongue. 
# Midfacial hypoplasia, 
= An aggressive form of periodontal disease in seen 
both primary and permanent teeth. 


= The presence of deep pockets with heavy plaque 
deposits and severe gingival inflammation is 
generally noticed. 


Self-induced Trauma: 


" Self-inducing trauma _ leads to 


inflammation. 


gingival 


# Usually limited to marginal and papillary gingiva. 
=» Starts as a small, ballooning of marginal or 
papillary gingiva. 
= Pain, if complicated by infection. 





Fig.34-5: Self inflicting trauma 


Tuberculosis: 


Granulomatous infection caused by Mycobacterium 


tuberculosis. The pulmonary form is the most 
common form. Involvement of the lymph nodes is 
called as Scrofula. 


ae 
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Oral manifestations: 
# It is relatively uncommon. 


= Tongue is most commonly affected, followed by 
the palate lips buccal mucosa, gingiva and frenula 


» Ulcers can be mistaken for traumatic ulcer or 
even carcinoma 


= Tuberculosis gingivitis is an unusual form of 
Tuberculosis. 


= Appears as a diffuse hyperemic nodular or 
papillary proliferation of the gingival tissues. 


latrogenic Problems: 
Tooth brushing injury in mentally challenged child: 


Mentally challenged children do not have fine 
motor coordination; this leads to difficulty in brushing. 
It may result in tooth brush injury during brushing 
causing bleeding and ulceration of the gingiva. 


Treatment: 


= Symptomatic management with topical analgesic 
gel to relieve pain. 


» Use of power tooth brushes and toothbrushes 
with handle for better grip to guide brushing of 
the child by the parents or caretaker. 


After local anaesthesia: 


Local Anaesthetic injections may cause ischemia 
leading to ulcer at the injected site. If proper 
instructions are not given to the child after local 
anaesthesia, they may tend to bite the lips or 
anaesthetised sites leading to ulceration and pain. 
Treatment: Symptomatic with 
application of oral anaesthetic gel. 


management 


Salient points to be noted: 


« The transition from gingivitis to periodontitis can 
occur in early age. 


» Local and systemic factors can alter the rate, 
severity and extent of disease progression. 


= Routine extra-oral and intra-oral examination of 
hard and soft tissues has to be performed. 


# Abnormal gingival colour, contour, swelling, the 
presence and location of inflammation, recession 
or suppuration should be noted. 
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The Basic Periodontal Examination (BPE) is 
performed using the WHO 621 probe with a light 
probing force of 20-25 g. It has a 0.5mm spherical ball on 
the tip and a black band at 3.5-5.5 mm to delineate 
healthy sulcus depth (<3.5mm) and periodontal pockets 
(2 3.5mm). 


Six index teeth: UR6, URI, UL6, LL6, LLI, and LR6. 


BPE codes 


— Q- Healthy (no bleeding on probing, calculus or 
pocketing 2 3.5mm detected) 


— | - Bleeding on probing (no calculus or pocketing 2 
3.5mm detected) 


— 2 - Calculus or plaque retention factor (no 
pocketing 2 3.5mm detected) 


— 3- Shallow pocket (4 mm or 5 mm) 
— 4- Deep pocket (2 6 mm) 
* Furcation 


» Assessment of Periodontal Treatment Needs is 
done after 7 years of age. 


= Bleeding on probing is an important clinical sign. 


= In mixed dentition, false pocketing up to 4-6mm 
can be noted in partially erupted teeth especially 
first molars and incisors. 


# It is important to evaluate the level of attachment 
in relation to cemento-enamel junction of involved 
teeth. 


=» Whenever a score of 3 or 4 is noted, radiographs 
should also be taken to assess alveolar bone loss. 


Prevention and treatment: 
As a guide: 


lf BPE score = 0, screen again at routine recall visit or 
within | year, whichever the sooner 


If BPE score = | or 2, treat and screen again at routine 
recall or after 6 months, whichever the sooner 


lf BPE score = 3, record full probing depths (6 sites per 
tooth) on the index tooth and check other teeth in the 
sextant, treat (OHI and root surface debridement) and 
review after 3 months 


lf BPE score = 4 or *, undertake full periodontal 
assessment and consider referral 
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# Oral hygiene maintenance with regular 
brushing, supervised use of dental floss and 
ethanol-free mouthwashes can reduce plaque 
accumulation. 


= Parental support is important to reinforce 
plaque control. 


» Motivation with prevention and education 
programmes. 


=» An appropriate sized toothbrush with a 
comfortable handle and a compact, angled, 
small head with long and short, round-ended 
bristles is recommended for twice daily 
brushing with fluoridated toothpaste. 


=» Premature exfoliation or gross mobility of 
deciduous teeth or non-specific gingival 
inflammation should be investigated. 


CONCLUSION: 


The dentist who treats children and adolescents 
must understand the influence of growth and 
development on the gingiva and the periodontium. 


It is known that clearly bacterial plaque is the 
primary etiologic agent in most forms of gingival 
and periodontal disease. However, it is neither the 
amount nor type of bacteria alone that accounts 
for all the population variance in disease. Many 
Systemic factors and underlying system diseases 
have to be taken into consideration for an effective 
diagnosis, treatment planning, and management. 


Review Questions: 
Essay questions: 


|. What are the differences observed between 
the periodontium of a child and an adult? 


Short notes: 

2. What is puberty-associated gingivitis? 
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Chapter Outline: 


¢ Role of hormones 
¢ Puberty 
— Changes in blood vessels in periodontium 
— Change in subgingival microbiota 
— Clinical features 
— Gingival changes at puberty 
¢ Menstrual cycle 
— Changes in periodontium 
— Gingival changes associated with menstrual cycle/ 
Gingivitis menstrualis 
— Premenstrual Syndrome (PMS) 
¢ Hormonal contraceptives 
— Gingival changes with the use of Oral contraceptives/ 
Pill gingivitis 
¢ Pregnancy 
— Immune response 


Female sex hormones are the most clinically recognizable 
modifying factor in the pathogenesis of periodontal disease. 
Ample amount of evidence suggests that periodontium is a 
target organ for female sex hormones. The effect of these 
hormones on periodontal tissues in the different stages of 
female life is summarized here. 


Role of hormones: 


Steroid sex hormones are divided into four sub-groups 
as steroids, glycoproteins, polypeptides and amines. They 
are derived from cholesterol and maintain the integrity 
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— Subgingival plaque composition 
— Clinical features 
— Clinical management 
— Pregnancy gingivitis 
— Pregnancy tumor/pregnancy epulides /gravid epulis/ 
epulis gravidarum 
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of alveolar bone. These hormones include estrogen, 
estradiol, progesterone, testosterone, dihydrotestosterone, 
androstenedione, dihydroepiandrostenedione and sex 
hormone-binding globulin. 


Sex hormones play a role in gingival and periodontal 
inflammation. Androgens generallylengthen and estrogens 
shorten healing times in skin. 


Human gingiva and oral mucosa exhibit receptors for 
these sex hormones. Estradiol and progesterone have both 
anabolic and catabolic roles. Production of IL-6 and IL-8 
are enhanced by these sex hormones. 


vy 
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Progesterone can stimulate the synthesis of prostaglandins, Estrogen modulates periodontal tissue response to 
increase the vascular permeability and chronic inflammation lipopolysaccharides and protects alveolar bone by altering 
in periodontal disease. It also regulates bone reabsorption the expression of inflammatory cytokines and with its anti- 
and bone formation. inflammatory effect. It also controls cytodifferentiation of 

Squamous epithelium, synthesis and maintenance of fibrous 


collagen. 
Fig 35.1: Effect of sex horomones on periodontium 


Effect of Progesterone Effect of Progesterone tissue Effect of Androgens 
Increased plaque accumulation Increase production of prostaglandins Stimulate matrix production by 
Inhibitrelease of proinflam matory (PG) osteoblasts and PDL fibroblasts 
cytokines by marrow cells Increase in PMN and PGE2 in GCF Stimulate proliferation of 
Reduce T-cell mediated inflammation Reduce anti-inflammatory effect of osteoblasts and differentiation 
Supress leu kocy te production glucocorticoids Reduce IL-6 production during 
Inhibit PMN chemotaxis Altered sythesis of collagen and non- inflammation. 
Stimulate PMN phagocytosis collagenous proteins Inhibit PG secretion 


Increased cellular proliferation of blood Altered metabolism of PDL fibroblasts Enhance the concentration of OPG. 
vessels Increase in vascular dilatation and 


Stimulate proliferation of gingival permeability 
fibroblasts Increasein metabolic breakdown of 
Stimulate synthesis and maturation of folate, which is needed for tissue 


gingival connective tissue maintenance and repair. 
Stimulate matrix production 





Oral flora showed alterations in response to hormone Exaggerated 
levels and usage of contraceptives. Elevated estrogen 
levelsis associated with higher incidence of vaginal and oral 
candidiasis. Oral bacteria can metabolize sex steroids and Changes in blood vessels in periodontium: 

may have a beneficial effect. Te 


inflammatory response to plaque is seen 
during puberty due to the influence of sex hormones 


¢ Increased permeability of blood vessels, 
Females have higher cellular, humoral and inflammatory 


responses than males. They have higher levels of circulating 
antibodies and greater ability to clear bacteria. This could 


be due to altered levels of circulating hormones. Lower Change in subgingival microbiota: 
testosterone levels help in faster wound closure in 


¢ Enhanced circulation of blood in terminal capillary 
loops. 


women. @ Increase in bacterial counts. 

Use of oral contraceptives alters the hormone levels, and # Oestrogen and progesterone is used by certain 
this influences host response. Similarly, puberty, menstrual bacterial speciesas a nutrient. Eg. Bacteriodes uses 
cycle, pregnancy and menopause influence oral and these hormones, as an alternative to Vitamin K 
periodontal health in women. (Menadione).Vitamin K is an important growth factor 


for the Prevotella intermedia (Bacteriodes). 
¢ The flora changes from gram-positive to gram- 
negative anaerobic organisms. 


PUBERTY: 


Puberty is a complex process of sexual maturation resulting 


in an individual capable of reproduction.( Mascarenhas P et @ Increase in proportions of  Prevotella 
al.)It is also responsible for changes in physical appearance intermedia, _Prevotella nigrescens, | Capnocytophaga, 
and behavior. It is related to increased levels of steroid sex Actinomyces viscosus and Eikenella corrodens species. 


hormones, testosterone in males and estradiol in females. Clinical features 


The production of sex hormones increases and then remains 
at a steady level throughout the normal reproduction 
period.Puberty occurs around | | years - | 4years in females. @ Increased prevalence of gingivitis. 
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@ Increased bleeding tendency. 
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Gingival changes at puberty: 


Puberty gingivitis: It is usually accompanied by an 
exaggerated response of the gingiva to local irritation 
resulting from hormonal changes.Pronounced inflammation, 
bluish-red discoloration, edematous changes in gingiva and 
gingival enlargement are present.As adulthood approaches 
the intensity decreases even in the presence of local 
irritants. 


Treatment: 


@ Scaling and root planing: Complete removal of irritants 
is necessary to eliminate the inflammation. 


@ Antimicrobial mouth rinses. 


@ Though prevalence and severity of gingivitis is 
increasedin puberty, it does not occur in the absence 
of local irritants. 


Menstrual cycle: 


The menstrual cycle is the monthly reproductive cycle 
regulated by the secretion of the sex hormone over a 28 
days (varying from 25-30 days) period and is responsible 
for continued ovulation until menopause. The menstrual 
cycle in human beings can be divided into two phases, the 
follicular/proliferative phase and the luteal phase/ secretory 
phase. 


Follicular phase/proliferative phase: 
@ T Secretion of oestrogen. 
@ Tt Secretion of follicle stimulating hormone. 
@ Ovulation occurs. 
Luteal/Secretory phase: 
@ T Secretion of progesterone. 
Corpus luteum 
« T Secretion of oestrogen. 


@ Inabsence of fertilization, the levels of these hormones 
decline with the demise of corpus luteum. 


Changes in periodontium: 


@ Increased tendency for gingival bleeding. 
@ Minimal Increase in tooth mobility 


@ Significantly higher pain perception in menstrual and 
pre-menstrual phases. 
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@ Ulcers and vesicles may also be encountered in the 
luteal phase of menstrual cycle. 


@ Higher inflammatory response during luteal phase 
than follicular phase. 


Gingival changes associated with menstrual 
cycle/Gingivitis menstrualis: 


@ The prevalence of gingivitis increases during the 
menstrual period. 

@ Marginal gingivitis with a tendency for gingival bleeding 
may be seen. 


@ Gingiva becomes oedematousduring menses. 


@ Gingival crevicular fluid of inflamed gingiva is 
increased during menstruation. 


¢ Treatment: Good oral hygiene. 


PREMENSTRUAL SYNDROME (PMS): 


PMS is a common cyclic disorder of young and middle- 
aged women is characterized by emotional and physical 
symptoms that consistently occur during the luteal phase 
ofthe menstrual cycle. (Dickerson et al. 2003) It is a group 
of symptoms that start one to two weeks (/-I0 days) 
before menstruation (period). Most women have at least 
some symptoms of PMS, and the symptoms go away after 
their periods start. 


Prevalence: Upto 85% of menstruating females have one or 
more premenstrual symptoms. 
Common symptoms include 
@ Acne 
Breast tenderness/swelling. 
Bloating and weight gain 
Nausea. 
Pain - headache or joint pain 


Food cravings /over eating 
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Irritability, tension, dysphoria are the commonest 
symptoms described. 


® 


Increased gag reflex. 


@ Bleeding gums bloated tense feeling in the gums in the 
days preceding menstrual flow. Most of the women 
may not experience such alterations in their gingival 
Status at all. 


¢ Dental procedures are difficult to be carried out. 


Yy 


(Clinical Periodontology 


As many as 200 different symptoms have been associated 
with PMS. They are seen with great variability in different 
individuals. 


Hormonal Contraceptives: 


Hormonal contraceptives could be in the form of pills using 
synthetic hormones like progestin (Levonorgestrel) and 
estrogen (Ethinyl estradiol) or as injections containing only 
progestin (Medroxy-progesterone acetate). These drugs 
mimic a situation similar to pregnancy and thus prevent 
ovulation. Modern contraceptives with lower dosages 
of hormones (0.05mg to 1|.5mg/day) have diminished 
associated risks. 


Gingival changes with the use of Oral 
contraceptives/Pill gingivitis: 


@ Increased gingival inflammation. 
@ Increased gingival crevicular fluid flow of about 50% 


@ Aggravated response to local irritants similar 
to pregnancy is noticed when Oral (Hormonal) 
contraceptives are used for a prolonged periods of 
time (more than | 1/2 years) regularly. 


@ Increased prevalence of specific bacterial species 
with |6-fold increase in B. melaninogenicus and B. 
intermedius 


@ There is significant loss of attachment with usage of 
injections for 2-4 years due to the catabolic action of 
progesterone. 


Pregnancy 


Pregnancy is the gestational process, comprising the growth 
and development within a woman of a new individual 
from conception through the embryonic and foetal 
periods to birth. It lasts approximately 266 days from 
the day of fertilization but clinically considered to last 
for 10 lunar months. 


Levels of sex hormones: 


During pregnancy, placental secretes estradiol, which the 
most potent form of oestrogen. Serum levels of 
estradiol reach the peak by the end of the third trimester. 


10-30 times of levels seen during 
menstruation. 


# progesterone. 


@ oestrogen. 
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Many cultures describe the effect of pregnancy and oral 
health quoting “for every child, a tooth”, meaning that the 
mother can expect to lose a tooth with each pregnancy. 
Studies indicate that 100% of women develop gingivitis 
between 3-8 months of their pregnancy. 


GCF levels of estradiol increase from 2nd term and pregnant 
women show gingival inflammation regardless of dental 
plaque at gingival margins. The increase in progesterone 
levels in pregnancy is not associated with changes in gingival 
inflammation and amount of dental plaque. 


Pregnancy induces a series of complex and_ subtle 
physiological changes in immune response with mixing 
of maternal and fetal cells at the maternal-fetal interface. 
About 50% of fetal cells are derived from the father, and 
these cells are chronically exposed to mother’s immune 
system. There is dampening of mother’s Thl response and 
augmentation of Th2 response. Neutrophils show reduced 
activity in 2nd and 3rd trimesters. There is a readjustment 
soon after birth and Th! response is restored. 


Studies have revealed the periodontal disease in association 
with cigarette smoking, socioeconomic status, use of 
recreational drugs or alcohol, nutritional status, exercise, 
stress or genetic characteristics like race, obesity, metabolic 
syndrome and diabetes are associated with risk of low-birth 
weight infants. It can also be a risk factor for preterm birth, 
preterm low birth weight, miscarriage or early pregnancy 
loss. 


lt could be due to the inflammatory and immune response 
of periodontal disease on intra-uterine growth. The increase 
in pro-inflammatory cytokines like PGE2, TNF IL-6, CRP 
could be responsible for placental modifications. 


Periodontal pathogens can penetrate blood vessels and can 
be found in cardiovascular and chorionic specimens. These 
organisms can play a significant role in hematogenous 
transmission of infection, intra-uterine infections, 
and inflammation. 


Immune response: 


Decreased cell-mediated immunity. 


Decreased neutrophil chemotaxis. 


4 
4 
@ Decreased neutrophil phagocytosis. 
@ Depressed antibody production. 
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Decreased T-cell response. 
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@ Increased synthesis of PGE2 
@ Altered lymphocyte response. 


@ Increased susceptibility for infection. 
Subgingival plaque composition: 


@ Subgingival microbial shift. (aerobic to anaerobic) 


@ Increased counts 
E.g. Prevotella intermedia, P nigrescens, and 
Porphyromonas gingivalis in response to estradiol. 


@ Sub-clinical infections can lead to low birth weight 
infants. 


Clinical features: 


Increased tendency for gingival bleeding. 
Increased tendency for gingivitis. 


Increased tendency for periodontitis. 


4 
4 
4 
@ Increased gingival crevicular fluid. 
¢ Larger probing depths. 

@ Xerostomia. 

4 


Perimolysis. 
Clinical management: 


¢ Oral hygiene instructions. 
@ Scaling and root planning may be performed. 


@ Dental procedures are to be avoided in the first and 
the last part of the third trimester. 


@ Dental radiography is to be avoided and if necessary 
should incorporate utmost care. Eg.Lead apron,etc. 


@ The safety of the medication while female during 
pregnancy may vary. So the medication administered 
should be selected with care. 


Pregnancy gingivitis: is an enlargement or hyperplasia of the 
gingiva caused by hormonal imbalance during pregnancy. It 
is usually limited to the interdental papillae.Pregnancy is 
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seldom the cause of gingivitis. Gingivitis is seen only in the 
presence of local irritants (plaque and calculus). Pregnancy 
increases the inflammatory response to local irritants. 


Prevalence: It is extremely common. It occurs between 35 
% to 100% of pregnant women and increases significantly 
from first to third trimesters. The severity of gingivitis 
increases during 2nd and 3rd trimesters. Gingivitis decreases 
spontaneously 3 months after delivery. 


Etiology: 


The sudden increase in the levels of estrogen and 
progesterone causes 


@ Altered membrane permeability. 
Altered immune response during pregnancy. 
Increased vascularity and vascular flow 


Host-parasite imbalance 
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Change in the subgingival flora: Flora shifts from 
aerobic to anaerobic. 


@ Increased levels of Prevotella intermedia and other 
members of Bacteroides species. 


Clinical features: 

¢ Anterior area of the mouth and interdental area are 
the most commonly affected once. 

@ Gingival Colour: reddish (bright red to bluish red). 


@ Gingival consistency: oedematous, soft, smooth and 
shiny. 


¢ Raspberry-like appearance may be seen. 

@ Marked tendency for gingival bleeding/bleeding on 
probing. 

Transient tooth mobility. 

Increased periodontal pocket depth. 


Increased gingival crevicular fluid flow. 
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No attachment loss unless complicated with diabetes 
or other risk factors. 
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During menstruation 





During puberty 


eEnhanced blood circulation 
inend terminal capillary 
loops 

elncreased prevalance of 
bleeding tendency/ gingivitis 

eHigher bacterial counts of 
P.intermedia and 
Capnocytophaga species 


gingivitis 


infection 


elncrased tendency for 


eLarger probing depths and 
bleeding on probing 
elncreased susceptibility to 


eBleeding and swollen 
gingiva 
eIncrease in gingival exudate 


eA minor increase in tooth 
mobility 


eDecreased neutrophil 
chemotaxis and depressed 


antibody production 


elncreased counts of 
periodontopathogens 


elncreased synthesis of PGE2. 
elncreased tooth mobility 


elncreased incidence of 
pyogenic granuloma 


During menopause and post- 
menopause 





Use of contraceptives 


¢ Gingival inflammation 


e From mild edema and 
erythema to Severe changes 
with hemorrhage and gingival 
hyperplasia 

e 50% increase in GCF 

e 16 fold increase in Bacteroides 
species 

e Modern contraceptives with 
lower hormone levels have 
minimal side effects. 


e Reduction in epithelial 
keratinization 


e Reduction in salivary gland 
flow 


e Drying of oral tissues 

e Redness/ Abnormal paleness 
of gingiva 

e Bleeding on probing 

e Bleeding on brushing 


Fig 35.2: Periodontal problems among female patients 


Treatment: 


The condition is self-limiting, reversible and complete 


resolution is seen after parturition. hrough oral prophylaxis 
and plaque control is a must. 


(ey 


In 2004, American Academy of Periodontology 
recommended that all pregnant women and those planning 
a pregnancy, should undergo periodontal examination and 
are to be provided with appropriate preventive measures 
and therapy if needed. Hence, gynecologists should refer 
their patients for a routine periodontal checkup during 
consultations. 
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Pregnancy Tumor/Pregnancy Epulides/ 
Gravid Epulis/Epulis Gravidarum: 


Granuloma: A reactive nodule consisting of modified 
macrophages resembling epithelial cells surrounded by a 
rim of mononuclear cells, usually lymphocytes, and often 
containing giant cells. (Glossary of Periodontal terms, 
2001) 


Pyogenic Granuloma: Localized, painless protuberant, 
exophytic gingival mass that is attached by a sessile or 
pedunculated base from the gingival margin or more 
commonly from an interproximal space. (Glossary of 
Periodontal terms, 2001) 


Pregnancy-Associated Pyogenic Granuloma: A 
pyogenic granuloma resulting from dental plaque and 
hormones during pregnancy. (Glossary of Periodontal 
terms, 2001) 


The inflamed gingiva sometimes forms tumor-like masses 
in pregnancy. It is a benign fibrovascular proliferation, which 
is regarded as inflammatory overgrowths and not a true 
neoplasm. It is an exaggerated response to local existing 
irritants due to elevated levels of sex hormones — estrogen 
and progesterone, which induce increased local synthesis 
of angiogenic factors like VEGF. 


Clinical features: 
@ It occurs in 0.2% to 9.6% of pregnancies. 
@ A slow-growing mass 


¢ Appears most often during 2nd and 3rd trimester of 
pregnancy. 


Associated with poor oral hygiene and local factors. 
Gingiva is friable and bleeds easily. 

Tenderness 

Esthetic problems 


The lesion may be pedunculated or sessile. 
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It usually originates from the interdental gingival 
papilla. 
@ Colour: Purplish red to deep blue. 
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Fig. 35.3: Pyogenic granuloma regressing post-parturition 


Histology: It is histologically identical to the pyogenic 
granuloma. 


@ Non-specific vascular proliferative inflammatory 
lesion. 


@ Epithelium: Hyperplasia elongated rete pegs, 
oedema and decreased keratinisation. 


@ Connective tissue: neovascularization. 


@ Epithelium and connective tissue: Marked leukocytic 
infiltration. 


Treatment: 
@ Scaling and root planing. 
@ Non-alcoholic antimicrobial oral rinse. 


@ Excision:Surgical excision is indicated during pregnancy 
only if the lesion is causing discomfort or interfering 
with eating. Electrosurgery is the preferred modality 
as considerable haemorrhage _ is expected 
during surgery. Treatment is preferred after 
parturition since recurrence is common _ during 
pregnancy. 
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Drugs and pregnancy: 


eAzithromycin 
DRUGS TO BE USED WITH «Cefuroxime 


SONI. ¢Cephalexin 


eClindaymycin 
eErythromycin 
«Paracetamol 
«Penciclovir 
eAcyclovir *Penicillins 
DRUGS CONTRAINDICATED DURING eCarbamazepine 

FBO E °Co-trimoxazole 

Colchicine 

¢Danazol 

¢Diazepam 

¢Doxycycline 

¢Metronidazole 

¢Fluconazole 

¢Midazolam 

¢Minocycline 


¢Phenytoin 
Fig. 35.4 Drugs And Pregnancy. (Ingafou MSH) 





Periodontium at menopause: Dermal wounds in post-menopausal women showed 
increased neutrophil influx, protease production, decreased 
phagocytosis and excessive inflammation leading to delayed 
re-epithelialization, reduced collagen deposition, and slow 
healing. 


Menopause is the complete cessation of menstruation for | 
year due to cessation in the ovarian secretion of estrogen 
and progesterone. 


The syndrome of somatic, endocrine and psychic changes 
occurring in menopause in women are described as 
climacteric changes. 


The common features seen in relation to oral tissues 
especially in periodontium with menopause in females are, 
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@ Gingiva: 


<> Pale and shiny. 

<> Atrophic changes of the oral mucosa and the 
gingiva 

<> Thinning of oral mucosa and gingiva leading to 
gingival recession. 


@ Loss of stippling. 


¢ Alveolar bone: 


<> Overall lack of sex hormones often causes the 
reduction of bone density 


<> Osteoporosis (decreased alveolar bone density 
per unit volume). 


Oral manifestations: 
Xerostomia — Dry mouth 
Burning mouth 
Glossodynia 

Altered taste 

Oral candidiasis 


Oral lactobacilli strains differ with menopause. 
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Pre-menopausal women have higher salivary flow 
rates and better oral status than post-menopausal 
women. 


Oral mucosa 


a 


Cholesterol esters and glycosylceramides were 
higher in buccal epithelium. 


<> Sex hormone receptors could be detected in oral 
mucosa and salivary glands. 
<> Hormone based modification of neural 


mechanisms can be related to chronic pain. 


Management of postmenopausal females: 


4 


Better oral hygiene instructions, nutritional care and 
fluid intake. 


Use of soft toothbrush. 


Oral mucosa gels, anti-depressive drugs, and topical 
oil application to relieve burning sensation. 

Gingival 
recession. 


augmentation in case of progressive 


Hormonal replacement therapy. — 
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<> Estrogen supplements reduced gingival bleeding. 


<> Increase in salivary flow and 
improvement in xerostomia 


symptomatic 


Intake of calcium supplements (1 500mg/day). 


Menopausal gingivostomatitis/Senile 
atrophic gingivitis: 


It is infrequently seen. 


Clinical features: 


4 
4 
4 
4 
4 


4 
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Burning sensation 
Decreased salivation: Dryness of mouth. 
Altered taste sensation: Salty taste. 


Gingiva: Oedematous, reddened, tender and atrophic 
gingiva. 


Glossitis. 
Fissuring in the mucobuccal fold. 


Difficulty with removable partial dentures. 


The signs and symptoms are similar to that of desquamative 
gingivitis. 


Treatment: 


4 
4 


Calcium/ Vitamin D supplementation. 


Hormone replacement 
replacement therapy. 


therapy/oestrogen 


Review Questions: 


Essay questions: 


Zz. 


Describe the influence of the female sex hormones 
over the periodontium. 


Describe the rationale and limitations of periodontal 
therapy during pregnancy. 


Short notes: 


3. 
4. 
5. 


What is Pregnancy tumor? 
What is Pregnancy gingivitis? 


What are the changes that can be noticed in 
periodontiumpost menstruation. 
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Chapter Outline: 


¢ Focal Infection Theory 
¢ Pathobiology of Periodontal diseases and its possible 
impact on systemic health 
¢ Periodontal disease and increased mortality 
¢ Periodontal biofilm interaction and chronic systemic 
inflammation 
— Cardiovascular/Cerebrovascular system 
— Endocrine system 
— Metabolic syndrome: 
— Advanced Glycation Endproducts (AGEs) 
— Reproductive system 
— Periodontal disease and Preterm low birth-weight 
(LBVV) infants 
— Respiratory system 


The periodontium is an end-organ similar in many ways to 
other end-organs like skin and glomerulus of the kidneys. 
The effect of systemic conditions on oral health is well 
known. In this chapter, we will look at it from the opposite 
perspective; the effect of oral health; namely periodontal 
health on body systems. Recently the impact of periodontal 
diseases on various body systems gained importance 
due to the multitude of studies and trials that have been 
conducted in this field. Periodontitis is claimed to be a 
risk factor for a broad range of diseases such as 
cardiovascular diseases and stroke, diabetes, pneumonia 
and preterm low birth weight. In this chapter, we will 
discuss the impact of periodontal diseases on different 
body systems and explore 
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— Alcoholic patients 
— Periodontitis and Liver Diseases 
— Periodontitis and renal diseases 
— Periodontitis and joint diseases 
— Periodontal disease and Osteoporosis 
— Periodontitis and gastric diseases 
— Periodontal disease and pancreatic cancer 
— Periodontal disease and Alzheimer’s disease 
— Periodontal disease and Hyperlipidemia 
— |mpact of periodontal therapy on systemic diseases: 
e Review Questions 
¢ Essay questions 
¢ Short notes 
¢ Principal References and suggested further reading 


the interwoven relationship between periodontology 
and various medical conditions. 


Periodontal disease is a chronic infection affecting 
the periodontium characterized by a loss of attachment. 


The study of the various means by which 
periodontal infections and inflammation may 
influence avariety of systemic conditions is 
collectively referred to as periodontal medicine. 
(Panagakos. F & Scannapieco. F) 
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Focal Infection Theory 


In 1891 W. Miller suggested the role of oral microorganisms 

or their products in the development of a variety of diseases 

in sites that are distant from the oral cavity. In 1912, F. Billings 
introduced the term focal infection and hypothesized that 

infected teeth and tonsils were responsible for arthritis, 

rheumatism, nephritis, appendicitis, endocarditis, and other 
unexplained diseases. 


In this theory, bacteria and their products can get access to 
parts of the body nearby or distant from the mouth. The 
proponents of this concept assume that microorganisms of 
dental plaque and their metabolic products may enter the 
bloodstream and result in many systemic and sometimes 
degenerative conditions. Some of its proponents had 
called for extraction of carious and restored teeth 
leading to widespread tooth extraction as a measure to 
prevent and at times cure diseases. This theory found less 
acceptability and recognition with the evolution of 
endodontology. 


This theory is revisited with the new discoveries about the 
correlation of Chronic periodontitis and various systemic 
diseases. The term Periodontal medicine was introduced by 
Offenbacher in 1996 at the World Workshop in 
Periodontics. Periodontal medicine as a _ discipline that 
focuses on the validation of the relationship between 
Chronic periodontitis and various systemic diseases and its 
biological plausibility in human studies and animal models. 


According to the American Academy of Periodontology, 
mouth infections can lead to systemic disorders in other 
parts of the body. (Pizzo et al. 2010). 
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Newer research has contradicted the long-held view that 
bacteria was the factor that linked chronic periodontitis 
to other infections in the body, whereas new research 
successfully demonstrates that not only the bacteria but 
also the periodontal inflammation may link periodontitis to 
other chronic conditions. 


A majority of data supports the notion that periodontitis 
can enhance the level of systemic inflammatory mediators 
and markers related to increased risk for distant organ 
damage such as liver, immune system, coagulation 
system, and eventually the cardiovascular system. 
(Schenkein & Loos 2013). 


Dental procedures can introduce oral microbes into 
the bloodstream. Several reports demonstrate 
bacteraemia following tooth brushing and periodontal 
procedures. The incidence of bacteraemia is reported to 
be 40% to /8%. Bacteraemia is defined as an increase 
in bacterial load of greater than 100 organisms/ml. 


It can vary based on methods of brushing and types of 
toothbrushes. Use of sensitive techniques like PCR can 
detect much lower concentrations of bacteraemia (50 
organisms/ml) than standard cultures. Recent studies 
suggest that cumulative exposure of bacteraemia from 
daily dental hygiene procedures could be greater than 
dental operative procedures. In normal health, — this 
transient bacteraemia is rapidly cleared and well tolerated. 
However, if there is any disturbance in the immune system 
or any systemic diseases, this bacteraemia can — cause 
serious complications. 


Ashare et al reported that plaque index and gingival index 
coincided with the level of bacteraemia. 


PATHOBIOLOGY OF THE SYSTEMIC EFFECTS OF 
PERIODONTAL DISEASE 
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Fig 36.1: Pathobiology of the systemic effects of periodontal disease. 
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Pathobiology of Periodontal diseases and its 
possible impact on systemic health: 


The biological model for the likelihood of periodontitis as 
a risk factor for other diseases could be based on the fact 
that periodontitis causes an inflammatory burden by, 


@ Stimulating bacteremia (Chiu, Madianos et al) and 
endotoxemia. 


@ Systemic inflammatory responses (Kweider et al, 
D’Aiuto et al, Beck et al, Montebugnoli et al, 
Southerland et al) and inflammation triggered by 
periodontal diseases. 


@ Cross-reactivity leading to auto-immune reactions 
(Rosenstein et al, Bartold et al). 


Metastatic 
inflammation 


Metastatic 
injury 


Metastatic 
infection 


Immunologic 
response to 
the pathogens 
and their 
toxins. 


Translocation 
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Fig. 36.2 Simplified scheme of possible pathways between 
oral infections and systemic diseases 

Based on the above model, larger the amount of inflamed 
periodontium, larger is the chance of bacteraemia, 
systemic inflammatory response or cross-reactivity. By 
definition, classifications cannot quantify the amount of 
inflamed periodontal tissue as they consider patients to 
be either affected (mild, moderate, severe) or unaffected 
by periodontal disease or they measure mean probing 
depth or level of clinical attachment. 
Hujoel et al quantified total surface area of attachment 
loss (ALSA) by calculating linear probe measurements 
from CEJ to the bottom of pocket at six sites around a 
particular tooth. It quantifies the amount of root surface 
area exposed due to attachment loss but cannot quantify 
the inflamed periodontium. 
Nesse et al have proposed the estimation of periodontal 
inflamed surface area (PISA) to quantify the inflammatory 
burden. To calculate periodontal epithelial surface area 
(PESA), the recession surface area (RSA) should be 
subtracted from the total surface area of attachment loss. 
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lt depends on the location of the gingival margin (LGM), 


¢ The LGM is below the CEJ so the RSA.O. In this 
case, PPD<CAL and thus PESA<ALSA. Therefore 
PESA=ALSA-RSA 


@ The LGM is exactly at the CEJ.In this case, PPD=CAL, 
RSA=0. Therefore PESA=ALSA 


¢ The LGM is above the CEJ. Since PPD>CAL, 
PESA>ALSA. Using CAL will lead to an under estimation 
and PPD should be used to calculate the PESA 


However, PESA quantifies the surface area of pocket 
epithelium if LGM is at or below the CE). Still, it cannot 
quantify the surface area of inflamed pocket epithelium, 
as it also includes healthy pocket epithelium and cannot 
contribute to the inflammatory burden. 








To calculate the PESA associated with inflammation, 
Nesse et al proposed to calculate the part of PESA 
affected by bleeding on probing. This bleeding surface 
area or periodontal inflamed surface area (PISA) could be 
quantified as a primary contributor to systemic 
inflammatory burden created by periodontitis. However, 
PISA does not account the type of microbiological flora. 


Periodontal infection leads to the spread of bacteria, 
bacterial products like LPS, and inflammatory mediators 
such as IL-6, INF-y, and IL-|. The presence of these three 
elements in the blood evokes an acute inflammatory 
response and release of acute phase response such as 
CRP, TNF-a, IL-6. These reactive proteins can react with 
heart and blood vessels, lead to tissue damage, monocyte 
migration, fat deposition, as well as smooth muscle 
hypertrophy. This eventually results in atherosclerosis 
and cardiovascular diseases. 


In the liver and pancreas, acute phase _ proteins 
induce insulin resistance and glucose intolerance, which 
eventually lead to diabetes mellitus. 


In the uterus and placenta, acute phase proteins stimulate 
the smooth muscles of the uterus leading to premature 
uterine contractions and premature rupture of membranes 
resulting in low birth weight. (Anil et al. 2012). 
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The periodontal inflamed surface area (PISA) reflects 
the surface area of bleeding pocket epithelium in square 
millimetres. The surface area of bleeding pocket 
epithelium quantifies the amount of inflamed periodontal 
tissue. It may be thought of as the main contributor to 
any systemic inflammatory burden’ posed _ by 
periodontitis and hence quantifies the probability of 
periodontitis to cause other diseases. 


PERIODONTAL INFLAMMED SURFACE AREA 


It reflects the surface area of 


It is quantitative description 
bleeding pocket epithelium in | of the burden of periodontal 
square millimetres. (Nesse et | inflammation (Sakanaka, A. et 


It is a periodontal 
parameter.(Leira et al) 
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Fig. 36.5 Severe Chronic Periodontitis 


Periodontal disease and increased mortality 


Increased risk of mortality is evident in patients with 
@ Poor oral hygiene. 
@ Periodontal disease. 


@ Increased alveolar bone loss. 


Periodontal biofilm interaction and chronic 
systemic inflammation: 


Studies reveal that periodontal disease can contribute to 
the burden of chronic systemic inflammation. It can lead 
to coronary heart disease, chronic kidney disease, diabetes 
mellitus, rheumatoid arthritis and ankylosing spondylitis. 


Cardiovascular/Cerebrovascular system: 


Cardiovascular diseases (CVD) are inflammatory conditions 
arising due to a complex set of genetic and environmental 
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factors. Inflammation plays a significant role in atherogenesis 
pathology starting from endothelial cells damage to plaque 
rupture. 


There is a strong proof that inflammatory mediators may 
hasten vascular inflammation and stimulate thrombosis. 
(Servidio et al. 2005). There is an elevated systemic antibody 
response to periodontal pathogens and it is correlated with 
increased risk of cardiovascular disease in periodontitis 
patients. 


Recent findings suggest a common genetic background 
for Cardiovascular disease(CVD) and periodontal disease. 
Genome-wide association studies reveal that ANRIL locus 
is the best-replicated risk locus associated with coronary 
heart disease. Variations in this region have been 
associated with type 2 diabetes and other diseases. 
Schaefer et al and Ernst et al reported increased risk of 
aggressive periodontitis with variants of antisense 
noncoding RNA in the INK4 locus (ANRIL). However, 
there is limited evidence of increased ANRIL variants in 
chronic periodontitis especially seen in Dutch patients 
with chronic periodontitis. 


Pathobiology of periodontal disease and CVD: 


The susceptibility and progression of periodontal 
inflammation is dependent on virulence of microbial 
pathogens and host response to regulation of tissue 
destruction. Periodontitis may relate to susceptibility to 
systemic disease in three ways (Page -1998). 


Periodontitis and systemic diseases like CVD share common 
risk factors. Therefore, factors responsible for increased 
risk for periodontitis may also be responsible for increased 
risk of CVD. Inflammatory mediators derived from 
periodontal disease or periodontopathic bacteria could 
induce dysfunction of endothelial cells. 


The sub-gingival gram-negative bacteria and _ lipopoly- 
saccharides (LPS) shed by them can easily pass through the 
ulcerated pocket epithelium and connective tissue to reach 
the blood vessels. In sufficient quantities, they may induce 
major vascular responses, including inflammatory cell 
infiltration in the vessel wall, vascular smooth muscle 
proliferation, vascular degeneration and _ intravascular 
coagulation (Libby et al., 2002). 


Periodontitis may result in expression of high concentration 
of proinflammatory mediators like cytokines, TNF and acute 
phase reactants like CRP and serum amyloid A. They 
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can enter circulation and perpetuate systemic effects (Page, 
1998). 


The effect of various cytokines and pro-inflammatory 
mediators, ROS, and other factors are discussed in detail in 
the chapter on Defence mechanisms and Immunology. 


American Academy of Periodontology recommends, 
‘Patients and healthcare providers should be informed 
that periodontal intervention may prevent the onset or 
progression of atherosclerosis-induced diseases.’ 


There is increasing evidence that periodontal disease is 
a risk factor for cardiovascular disease and stroke. Meta- 
analysis has proven that persons exposed to periodontal 
disease or infection are at modest but statistically 
significant increased risk for cardiovascular disease. 


Meurman etal have reported 20% increase in cardiovascular 
disease risk among patients with periodontal disease and 
higher risk ratio for stroke. Vettore and Khader et al 
reported a relative risk of 1.19 & |.15 respectively. 


Schwahn et al. reported an association between number of 
periodontal pockets and fibrinogen levels. They correlated 
it with risk for CVD and systemic inflammation. 


Alexander et al reported that gamma-fibrinogen may be 
associated with CVD, and it correlated with CRP and 
extent of gingival inflammation. 


Bizzarro et al reported that PAI-| was elevated in patients 
with advanced periodontitis. However, Bretz et al failed to 
demonstrate such association despite significant increase 
in levels of CRP IL-6, and TNF-a. 


Periodontal pathogens can induce anti-oxidized LDL and 
anti-phosphorylcholine. These are correlated with risk for 
CVD and protection against CVD. Schenkein et al reported 
higher levels in patients with periodontal attachment loss 
than healthy controls. Montebugnoli et al reported higher 
levels in patients with severe periodontal disease and 
CVD. 


Loscheet al, Katz et al and Nibali et al reported 
that patients with chronic periodontitis had higher total 
serum cholesterol and serum LDL than controls. 


Monteiro et al reported that patients with CP had higher 
oxidized LDL and serum triglycerides and lower HDL. 


Kallio et al reported that serum LPS was associated with 
atherogenic lipids in chronic periodontitis. Nibali et al and 
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Pussinen et al also reported lower HDL levels in patients 
with chronic periodontitis. 


Pussinen et al, Rufail et al, and Rizzo et al 
reported higher levels of small, dense LDL _ in 
patients with chronic and aggressive periodontitis. 


A systematic review by Lockhart et al reported that 
many papers demonstrate hypothetical links between 
CVD and periodontal disease. However, there is absence 
of prospective clinical trials and studies to show causal 
relationship or implicate specific pathways. The role of CRP 
is not itself proven or universally accepted of its mechanistic 
role in CVD inflammation. The periodontal disease could 
be directly or indirectly related to CVD. It could be due 
to inflammatory pathways or consequence of pathogenic 
microbes or genetic variations. 


Coronary heart disease: 


Recently, observational studies showed that there is a 
significantly elevated risk for cardiovascular diseases 
among patients who have periodontal diseases. Periodontal 
infection can lead to mild bacteraemia and endotoxemia in 
affected patients. 


There are four particular pathways that have been suggested 
to explain the relationship between the cardiovascular 
disease and periodontal infections, these pathways include: 


|. Direct bacterial impact on platelets: This pathway 
is supported by the virulence factors of two types 
of oral bacteria P. gingivalis and Streptococcus Sanguis. 
These bacteria produce the collagen-like platelet 
aggregation protein which in turn stimulates platelets 
aggregation both in vitro as well as in vivo. 


2. Autoimmune responses: Antibodies that cross-react 
with periodontitis causing bacteria and human heat 
-shock proteins have been recognized. In addition, 
some oral bacteria such as P gingivalis can invade 
aortic and cardiac endothelial cells through fimbriae. 


3. Invasion of bacteria into endothelial cells 
and macrophages: Numerous surveys found that 


there were certain oral bacteria in the 
atheromatous plaque. 
4. Endocrine-like effects of pro-inflammatory 


mediators: Pro-inflammatory mediators have an 
endocrine-like effect on vascular endothelial tissue as 
well as an 


Cy 


(Clinical Periodontology 


elevation in C-reactive protein (CRP) and fibrinogen 
among patients with periodontal diseases. 


5. Serum IgG interacts with gingival fibroblasts and 
cardiac membranes. These antibodies can get fixed 
upon receptors leading to changes in cardiac function, 
myocardial ischemia, decreased contractility and 
increased risk for cardiac arrhythmias. 


Beck et al have reported that high attachment loss (210% 
of sites with attachment loss >3mm) and increased tooth 
loss have high odds of prevalent coronary heart disease. 
The presence of antibodies to Porphyromonas gingivalis, 
Campylobacter rectus and Peptostreptococcus micros had 
twice the risk for atherosclerosis. 


Hung et al reported that patients with a low number of 
reported teeth (S$ ten at baseline) had a relative risk of 
(1.36 for men and 1.64 for women) coronary heart 
disease. 


Oral Infections and Vascular Disease Epidemiology Study 
(INVEST) provide evidence of a direct relationship 
between periodontal microbes and __ subclinical 
atherosclerosis independent of CRP levels. 


Czemiuk et al reported that cardiologists should be 
aware of concomitant periodontal disease when 
titrating high sensitivity CRP (hsCRP) -lowering therapy 
in survivors of acute coronary syndrome. The hsCRP 
values in patients with advanced periodontal disease 
are less likely to return to background values within 
two weeks after acute coronary syndrome. 


Soder et al observed § an association between 
levels of MMP-9, TIMP-| and changes in carotid 
intima-media thickness. 

Chen et al reported increased serum PAF levels 


in patients with periodontal disease similar to 


cardiovascular disease. 


Amabile et al reported that patients with coronary heart 
disease and periodontitis had higher levels of fibrinogen, 
CRP, and serum amyloid A. 

Pressman et al reported that periodontal disease and 
associated chronic inflammation could be an important factor 
for cardiac calcifications in younger patients with coronary 
heart disease. 

Hypertension: 

It has lately been suggested that high sensitivity CRP may be 
a valuable marker connecting periodontal disease 
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and inflammatory conditions that cause endothelial 
dysfunction. In experimental rats, periodontitis has been 
observed to attenuate endothelium-related vasodilation. 
This harsh effect is due to the elevation of the biomarkers 
of inflammation such as CRP and IL-6, deteriorating of 
lipid profile, and increased synthesis of free radicals and 
reduction of the nitric oxide synthesis. 


Furthermore, Vidal et al documented that periodontal 
therapy decreases the level of CRP as well as IL-6 in patients 
with hypertension and periodontitis. Hence inflammation 
may be considered as an association between periodontitis 
and hypertension. (Leong et al. 2014). 


Current studies have shown a connection between 
periodontitis and high lipid profile. Improvement of 
plasma lipid profile after periodontal therapy might 
indicate a causative relationship between periodontitis 
and hyperlipidaemia; this suggests that periodontal therapy 
might reduce the risk of coronary heart disease. (Ouyang 
et al. 2000). 


D’Aiuto et al reported a positive effect on blood pressure 
after periodontal therapy. This could be attributed to 
decrease in patient anxiety during treatment and effect of 
periodontal therapy on vascular function. 


Ischemic heart disease: 
Effect of infection on blood viscosity: 


The increase in plasma fibrinogen and von-Willebrand 
factor cause hypercoagulability. When combined with 
increased white blood cells, the viscosity of blood increases, 
increasing the risk of coronary ischemia. This shear stress 
can promote endothelial cell activation and platelet 
ageregation. 


Papapanagiotou examined platelet activation using 
concentrations of P-selectin. It was significantly elevated in 
periodontitis patients and correlated with patients having 
>50% tooth loss. 


Fredman et al showed increased P-selectin on platelets and 
CD-18 on monocytes and polymorphonuclear leukocytes 
(PMNs) from patients with aggressive periodontitis. 


Atherosclerosis: 


The risk factors for cardiovascular disease and periodontal 
disease are similar — age, male gender, lower socioeconomic 
status, stress,and smoking. A large number of patients with 
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periodontal disease can exhibit cardiovascular disease and 
atherosclerosis. 


Recent AHA scientific statement notes a clear association 
(level of evidence “A”) between periodontal disease and 
atherosclerotic vascular disease that is independent of 
known confounders. 


Carotid artery stenosis is narrowing of carotid arteries 
due to atherosclerosis. It is a serious disease that can 
cause cerebral infarction. Elevated fibrinogen levels is an 
indicator of systemic inflammation and is a risk marker for 
atherosclerosis. 


Since periodontal infections are inflammatory conditions, 
the pathogens and the inflammation caused by them 
is related to atherogenesis. Periodontal infection can 
increase atherosclerosis in the presence or absence of 
hypercholesterolemia. 


Periodontal disease is considered to be a risk factor 
for formation of lesions in arterio-sclerotic disease like 
acute myocardial infarction, peripheral vascular disease, 
cerebrovascular disease and carotid artery stenosis. 


Anderson et al have proposed that theoretically, initiation 
and progression of early atherosclerotic lesions would be 

enhanced by periodontal disease, if it initiates or propagates 
T-cell response, endothelial dysfunction, and modification 
of LDL, attraction and maturation of monocytes, enhanced 
uptake of lipids or attraction and promotion of Th! T-cell 

subsets. Periodontal inflammation and infection can play a 
role in moreadvanced atherogenesis via effects on migration 

of smooth muscle cells, promotion of Thl responses, 
thrombin generation, effects on collagen production and 
degradation. This can lead to rupture of the lesions and 
thrombus formation. 


Influence of infection on 


atherosclerosis: 


periodontal 


@ Experimentations on animal models showed that 
periodontal infection may increase atherosclerosis in 
the existence or absence of hypercholesterolemia. 


@ Multiple logistic regression analysis identified 
periodontal disease as a principal independent 
predictor for atherosclerosis with an odds ratio of 
4.64%. 


@ Bacteria that cause periodontal infection may travel 
through bloodstream to local vascular lesions and 
may settle in the athermanous plaques. This lead 
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to their damage by provoking local inflammation 
resulting in a cascade of the inflammatory events 
including atheroma formation, growth, and eventually 
its rupture. 


@ Periodontal pathogens and their products result in 


damage to vascular endothelium. Monocytes/ 
macrophages enter vessel wall, producing cytokines 
that further increase inflammation and propagate 
the atheromatous lesion. 


¢ Growth factor production leads to smooth 


muscle proliferation in the vessel wall. Damaged 
endothelium also activates platelets, resulting in 
platelet aggregation and potentiating thrombo- 
embolic events. 


@ Major periodontal pathogens have been detected in 


samples of carotid atheroma. Morita et al reported 
that higher number of microbial samples were isolated 
in carotid plaques from patients with moderate and 
severe periodontal disease than those with mild 
periodontal disease. 


@ Moreover, the reported literature is not consistent 


with the species identified. Out of nine previous studies, 
five studies detected periodontal pathogens whereas four 
did not find them in carotid plaques. It varies from Aa, Pg, 
Tf, Pi or combinations of these microbes. Padilla et al 
reported Aa and Pg were detected most often in oral 
samples, but Aa was observed most frequently in carotid 
samples. However, Morita et al identified Pg in both oral 
and carotid samples. 


@ Figuero et al identified significantly higher rate of 


periodontal pathogens Pg, Aa & If in carotid 
artery samples of dentate periodontitis patients 
than edentulous counterparts. 


@ Pussinen et al reported that seropositivity to 


periodontal pathogens increased the odds ratio to 
2.6 for a secondary stroke, 2.0 for Aa and 2.1 for Pg. 


@ Molecular mimicry due to cross-reactive antibodies 


induced by periodontal pathogens can lead to 

recognition of host antigens and modulate their 

function leading to increased risk for atherosclerosis. 

<> Cross-reaction can occur between bacteria 
stimulated anti-HSP (Heat Shock Proteins) and 
human HSP. Anti-Tf, Anti-Aa, Anti-Pg can cross- 
react with each other and with human HSP and 
lymphocytes.(Hinode et al.). 
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<> Elevated levels of HSP60 (GroEL) from Pg was 
noted even in patients with mild periodontitis, 
and it correlated with triglyceride levels 


<> Elevated levels of anti-Fn GroEL was reported by 
Lee et al. 


@ Serum concentrations of potentially inflammatory 
lipids like low-density lipoprotein (LDL), triglyceride 
(TG) and very-low-density lipoprotein (VLDL) are 
elevated in periodontitis patients. These molecules 
are susceptible to modification and get incorporated 
into the atherosclerotic lesions. This can lead to 
acceleration and maturation of such lesions. 


¢ Anti-cardiolipin antibodies are pathogenic and can 
increase adhesion and production of inflammatory 
cytokines. Schenkein et al reported its presence in 
patients with chronic or aggressive periodontitis. 


@ Carallo et al have reported that severe periodontal 
disease decreases the wall shear stress, and it can 
favour plaque formation and local inflammation in 
carotid vessels. This could be attributed to release 
of inflammatory cytokines like IL, TNF from oral 
tissues can cause systemic inflammation and 
enlargement of arterial diameter. 

@ These aforementioned mechanisms can act in 
combination leading to cardiovascular inflammation. 


@ Cardiovascular and Periodontal consequences of 
hyper-responsive monocyte/macrophage phenotype 


¢ The M@+ phenotype predisposes to both 
atherosclerosis and periodontitis. Bacterial products 
and inflammatory mediators associated with 
periodontitis affect vascular endothelium, monocytes/ 
macrophages, platelets, smooth muscle and may 
increase blood coagulability. 


@ This may further increase atherosclerosis and result 
in thromboembolism and ischemic events. 


Myocardial infarction (MI): 


Periodontal pathogens may lead to myocardial infarction 
and acute coronary syndrome through the _ following 
supposed mechanisms: 


@ The direct effect through oral bacteria and their 
lipopolysaccharide which initiate invasion of the 
coronary endothelial cells, initiation, and progression 
of atheromatous plaque, and eventually causing acute 
coronary syndrome and MI. 
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@ Indirectly, through the host inflammatory reaction to 
pro-inflammatory mediators such as cytokines, CRP, 
IL-6, TNF-alpha, which induce atherosclerotic lesions. 
(Chen- Kuo 2007). 


¢ CORODONT study by Spahr et al & Herzberg et al 
reported that total periodontal pathologic burden and 
number of A.actinomycetamcomitans was associated 
with presence of congestive heart disease. Active 
infection with bacteraemia of periodontal pathogens of 
existing plaque can trigger thrombus formation and 
trigger non-fatal or fatal MI. 


@ Andriankaja et al reported that presence of 
periodontal pathogens, especially Jannerella forsythensis 
or Prevotella intermedia and increase in total burden of 
periodontal pathogens were both associated with 
increased odds of having an MI. 


@ Abnet et al reported that individuals with greater 
number of lost teeth had increased risk of death from 
myocardial infarction and stroke. 


@ Kweider et al, Buhlin et al and Sahingur et al 
reported that patients with periodontitis showed 
higher plasma fibrinogen levels and WBC counts and 
suggested a link for MI. 


Cerebrovascular accident: 


According to Ket et al, the relative risk of getting 
cerebrovascular ischemia is higher by 40% in the presence 
of periodontitis. (as cited in Loos 2006). 


In a study conducted by Carallo et al, there is a clear 
link between periodontitis and cerebro—cardiovascular 
atherosclerosis. They found that patients with periodontal 
diseases had small wall shear stress values of the carotid 
artery which suggest that the development of adverse 
hemodynamic profile which may mediate the  pro- 
atherosclerotic consequence of periodontal infections. This 
unfavourable hemodynamic effect is the result of systemic 
inflammation caused by periodontitis, and it can lead to the 
development and ageravation of carotid 
atherosclerosis. (Carallo et al 2010). 


Furthermore, in a study conducted by (Morita et al- 
2011), periodontal bacterial DNA was identified in carotid 
artery plaques, proposing that periodontal bacteria can 
be transferred to the carotid artery from the periodontal 
pockets which can be considered as evidence that between 
cardiovascular and periodontal diseases are related. 
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Accordingly, a close follow-up of the hemodynamic status 
in patients with periodontal diseases will be important 
for the evaluation of the general cardiovascular risk and 
the periodontal therapy. According to Servidio et al, 
periodontal therapy appears to lower systemic markers 
of inflammation and might influence the outcome of 
cardiovascular disease. 


Cardiovascular disease (CVD) is the leading cause of death 
in industrialized countries. The classic risk factors - age, 
hypertension, hypercholesterolemia and cigarette smoking 
can only account for 2/3 of the variation in the incidence 
of CVD cases. 


Recent studies have found that patients with periodontal 
disease have a |.5 to 2.0 fold greater risk of incurring fatal 
CVD than patients without periodontal disease. In fact, oral 
infections seem to increase the risk of coronary artery 
disease to a degree similar to the classic risk factors. 


Periodontitis and atherosclerosis may be because they share 
many common risk factors like age, male gender, diabetes 
mellitus, host susceptibility, stress and most importantly 
smoking. 


A possible mechanism could be increased levels of 
inflammatory mediators like CRP as a result of periodontal 
infections that may induce major vascular responses and in 
turn contributing to atherogenesis and CVD. 


Sienost et al reported that flow-mediated dilation of 
endothelium was significantly lower in periodontitis 
patients. 


Endocrine system: 


Diabetes mellitus: 


Diabetes mellitus is a clinically and genetically heterogeneous 
group of metabolic disorders manifested by abnormally 
high levels of glucose in the blood. The hyperglycemia is 
the result of a deficiency of insulin secretion caused by 
pancreatic [B-cell dysfunction or of resistance to the 
action of insulin in liver and muscle or a combination of 
these. It manifests in 2 forms, Type-I| (Insulin-dependent) 
and Type 2 (Non-insulin-dependent). 


Insulin plays a crucial role in glucose metabolism, regulates 
protein and lipid metabolism, controls arterial blood 
pressure interferes with platelet function and alters the 
balance between pro-thrombotic factors with fibrinolysis 
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modulators. It regulates proliferation of smooth muscle cells 
of vascular walls and endothelial function. Insulin resistance 
begins much earlier than development of metabolic 
syndrome, type-2 diabetes mellitus, and atherosclerosis. 


Two hypotheses exist for describing the relationship 
between periodontitis and diabetes mellitus. 


¢ A direct causal or modifying relationship in which 
hyperglycemia and hyperlipidemia result in metabolic 
alterations that exacerbate _ bacteria-induced 
inflammatory periodontitis. 


@ The combination of genes exist in a host, who under 
the influence of environmental stressors could 
develop periodontitis or diabetes or both. 


Recent studies suggest that inflammation links insulin 
resistance, obesity, and diabetes. This has been linked with 
cytokines like IL-6, IL-18 & TNF-a along with increased 
oxidative stress. IL-I release by beta cells of pancreas 
inhibits their function. Periodontal disease can induce or 
accelerate the levels of chronic systemic inflammation 
leading to poor glycemic control. Periodontal bacterial and 
viral infections can exacerbate insulin resistance. 


Hyperglycemia triggers cellular damage and leads to systemic 
disease along with changes’ in periodontium. 
Periodontal disease is considered to be the 6th major 
complication of diabetes following — retinopathy, 
nephropathy, neuropathy, microvascular disease and 
impaired wound healing. Diabetic patients are at higher 
risk for severe and progressive periodontitis. Similarly, 
diabetic patients with periodontal infection have a 
greater risk of worsening glycemic control than diabetic 
patients without periodontitis. Periodontal infection can 
induce insulin resistance in the tissues and in turn lead 
to accumulation of advanced glycation end products 
(AGEs). 


Karjalainen and Knuutial, Lacopina and Culter and Loesche 
et al evaluated the relationship of gingival status with 
metabolic parameters. They concluded that high vascularity in 
areas of gingival inflammation could act as an endocrine-like 
source for TNF-a and other inflammatory mediators 
affecting glucose and lipid metabolism. 


Almedia & Navarro reported that treatment of periodontitis in 
diabetic patients could reduce the soluble mediators 
responsible for periodontal tissue destruction and lessen 
the insulin resistance of the tissues. 
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Pontes Anderson et al suggested that periodontal disease 
can influence occurrence of early organ alterations in 
diabetes like kidney hypertrophy and increased glomerular 
volume in diabetic rats. 


Patients with severe periodontitis had 2.3 times higher risk 
of death from ischemic heart disease, 8.5 times higher risk of 
death from diabetic nephropathy and 3.5 times higher 
mortality rate from cardio-renal disease. This suggests 
that presence of periodontal disease is a serious risk for 
cardiovascular and renal mortality among diabetic patients. 


Periodontal intervention trials suggest a potential metabolic 
benefit of periodontal therapy in diabetic patients. Many 
studies have reported improved glycemic control after 
scaling and root planing. There was a reduction of 0.9 to 
|.0% HbA |c after periodontal therapy. 


Diabetes and Periodontal Disease-The two way 





interrelation 


e It is the most extensively studied interaction between 
Periodontal disease and systemic 


¢ The diabetic influeneces on the periodontium are similar 
to the pathophysiology of the classic microvascular and 
macrovascular diabetic complications. 


¢ Chronic periodontitis induces a systemic inflammatory 
condition. 


¢ Reduction of periodontal inflammation improves the 
glyceamic status and insulin sensitivity. 


Fig.36.6: Diabetes and periodontal diseases-The two way 
interrelation. 
Pietropaoli et al have reported that oxidative stress can 
lead to inflammation, attachment loss, and resorption of 
alveolar bone and ultimately tooth loss. 


Since periodontal disease is inflammatory condition, it 
affects glycemic control like other inflammatory diseases. 
Studies have revealed that patients with periodontal disease 
have increased risk of deteriorating glycemic control 
comparing with diabetic patients without periodontal 
disease. 


Systemic inflammation has asignificant role in glycemic 
regulation and_ insulin’ sensitivity. There are many 
mechanisms that elucidate the effect of periodontal disease 
on glycemic control. Experimental studies suggest that 
periodontal infections may persuade systemic inflammatory 
condition that evidenced by the elevation of IL-6, CRP and 
fibrinogen levels, these inflammatory markers increase 
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insulin resistance. (Mealey et al. 2007). 


According to Mealey et al, dentists have to instruct diabetic 
patients and collaborate with their physicians regarding 
the correlation between diabetes mellitus and periodontal 
diseases. They should also focus on the inflammatory 
impact of periodontitis on the glycaemic state of diabetic 
patients. 


It may be that periodontal disease predisposes or 
exacerbates the diabetic condition. A recent survey has 
shown that the concentration of glycated hemoglobin (a 
measure of diabetic control) is elevated in people with type 
2 diabetes and severe periodontal disease. In another study 
of people with type 2 diabetes, severe periodontitis was 
strongly associated with an increased risk of poor glycemic 
control. 


Hayashida et al reported that development of periodontal 
disease correlated with HbAlIc levels in non-diabetic 
individuals. The mean HbAlc levels were significantly 
increased in periodontal deterioration. Varma et al also 
reported that HbAlc levels correlated with sulcular 
bleeding index and LDL levels in diabetic patients. 


Abbass et al studied the gingival biopsies from diabetic 
and non-diabetic individuals for localization of RAGE in 

gingival tissues. They observed higher expression of RAGE 
in epithelial cells, inflammatory cells and along the walls of 
blood vessels in diabetic patients. 


Stanley et al reported that the cellular changes with 
fibronectin fragmentation was similar in sites of 
periodontal disease, diabetic foot, and leg wounds. 
Abrao et al correlated that type 2 diabetic patients with 
moderate or severe periodontal disease may have a 
higher risk for neuropathic foot ulceration. 


There are reports that serum levels of LPSand TNF-a 
associated withP. gingivalis infection induce insulin resistance, 
leading to development of Type 2 diabetes mellitus. 


Genco et al reported that mean clinical attachment loss, 
Benguigui et al reported clinical attachment loss and 
probing pocket depth and D’Aiuto et al reported the 
extent of periodontitis as reasons for insulin resistance or 
impaired glucose tolerance to periodontal infection. 
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Fig. 36.7 Periodontal infection, Periodontal therapy 
and glycemic control. 


Metabolic syndrome: 


Metabolic syndrome (X-syndrome, Insulin resistance 
syndrome, Reaven’s syndrome) is defined by the presence 
of hyperglycemia, dyslipidemia, obesity and hypertension. 


It shows high risk for cardio-cerebrovascular 
diseases. Lakka et al have reported that it is often related 
to lifestyle like overweight, sedentary habits or existing 
pathologies like obesity and hypercholesterolemia. If 
such affected individuals, do not change their lifestyle, 
there is a high risk of mortality. 


lt summarizes the status of pro-inflammation, failed 
cellular clearance, hyperglycemia, and _ pro-oxidative 
state. The cofactors like reactive oxygen species (ROS),o 
xidative stress, lipid peroxidation, activation of AGE- 
RAGE system and glycation end-products (AGEs) may 
play an important role in onset of periodontal disease. 


Excess of free fatty acids can induce hyperinsulinemia by 
reducing insulin clearance, increased hepatic 
gluconeogenesis, reduce muscle uptake of glucose and 
promote inflammation (Liu et al). TNF-a pathway triggers 
the development of insulin resistance. 


When the body consumption is less than the total calorie 
intake, it leads to ROS formation and subsequently the 
development of insulin resistance. Soory et al have 
reported that increase in ROS causes a_ hyper- 
inflammation status leading to periodontal disease. In 
combination, this can lead to various other metabolic, 
articular, neoplastic or geriatric diseases. 
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Metabolic syndrome 





Abdominal obesity (Abdominal circumference 
>102cm in men, >88cm in women) 





Triglyceridemia >150mg¢/dl 





Men, <50 mg/dl in Women or Hypo- 


‘Plasma HDL cholesterol <40 mg/dlin 
lipemizing treatment 





Arterial blood pressure >130 and/or >85 mm 
Hg or Anti-hypertension treatment 


\ 


Fasting plasmatic glycaemia >110 mg/dl (IFG stage), 





Fig 36.8: Metabolic syndrome 

Obesity and hypertension has been related to increased 
severity of periodontal disease. Overweight individuals 
had worse periodontal status than those with normal 
body weight. Obese individuals who eat multiple times in 
a day without caring for oral hygiene are at higher risk. 
Adipokinins released from fat tissue like leptins, resistins, 
adiponectin and visfatin may play a role in pathogenesis of 
diabetes. Hence, weight loss is suggested to be a safe method 
for correcting endothelial dysfunction and reduction in 
cytokine concentrations. 


Systematic reviews and meta-analysis have shown that an 
association exists between obesity and periodontal diseases. 
A study by Gaio et al studied the effect of overweight and 
obesity on periodontal attachment loss progression in 
a 5-year prospective study. The study found that obesity 
was associated with a 64% increased risk for periodontal 
attachment loss for females. The study did not show any 
increased risk of attachment loss for males. Hence the 
study appeared to implicate that obesity appeared to affect 
periodontal attachment loss differently across genders. 


Pischon et al reported that in patients with higher body 
mass index (BMI), the levels of TNF-a, IL-6, IL-10, and 
CRP are increased, and it affects the status of periodontal 
disease. 


A patient with metabolic syndrome has 2.3! times the 
risk than healthy individuals to be affected by periodontal 
disease. 
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Advanced Glycation End products(AGEs): 


AGEs are formed due to hyperglycemia and hyperlipidemia. 
It can be seen in diabetes mellitus that promote non- 
enzymatic glycation and oxidation of tissue proteins or 
lipids. 

Accumulation of AGEs is dependent on environmental 
factors like tobacco smoking, vegetarian diet, consumption 
of alcohol and browned foods, high lipid/glucide quantities. 


These compounds are_ responsible for formation 
of intermediate products like Glycosylated 
Hemoglobin (HbAIc) used to estimate the glycemic 
control. These AGEs affect the metabolism of 
proteins, lipids and DNA along with increase in ROS. 


They can directly damage the tissue or act indirectly by 
binding to RAGE receptor. Collagen is _ irreversibly 
modified by AGEs and there is reduction in collagen 
production by fibroblasts. Thus, AGE is a good predictor 
for microvascular complications. Reduced serum 
clearance of AGEs can lead to renal failure. 


These products accumulate irreversibly in periodontal 
tissues with age or prolonged hyperglycemia or chronic 
inflammation. The activation of AGEs & RAGE cellular 
receptors lead to hyperpermeability of vasculature, release 
of cytokines, activation of osteoclasts, generation of 
MMPs and ROS that may increase the risk for periodontal 
disease. 


Murillo et al and Ren et al have studied the effects of 
AGEs on human gingival and periodontal fibroblasts in 
vitro. These fibroblasts were sensitive to environmental 
changes and showed reduced mobility and decrease in 
production of Type | & Ill collagen. Thus, AGEs may take 
part in pathogenesis of periodontal disease. 


Abbass et al have shown that AGEs lead to 
depolymerisation of extracellular matrix in periodontal 
disease and increase apoptosis in deepest area of sulcular 
pockets. They also observed high expression of RAGE in 
non-diabetic severe periodontitis group suggesting the 
role of RAGE in periodontal inflammation. 


Reproductive system: 


The maternal and fetal immunological responses to bacterial 
infection may trigger several changes in uterus leading to 
premature labor. 
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There are two suggestions of how possibly periodontal 
infections can adversely affect pregnancy: 


@ Periodontal inflammation can induce frequent and 
severe bacteraemia. This can lead to exposure or 
colonization of uterine cavity by periodontal pathogens 
or their by-products like lipopolysaccharides. 


¢ Alternatively, periodontal pathogens need 
not colonize the uterine cavity but can induce 
inflammatory cytokines that enter systemic 
circulation and precipitate a cascade in uterus leading 
to spontaneous preterm labour and birth. 


Offenbacher et al was the first to report a link between 
poor maternal periodontal health and adverse pregnancy 
outcomes including preterm birth in humans. A recent 
meta-analysis also confirmed their report with an overall 
odds ratio of 4.28. This association was strongest in 
individuals of lower socio-economic status or without 
access to nationalized healthcare. 


Maternal periodontal infection showed association 
with poor pregnancy outcomes such as low birth weight, 
pre-eclampsia, and miscarriage. Animal experiments with 
subcutaneous inoculation of bacteria such as Porphyromonas 
gingivalis or C. rectus in rodents lead to dose-dependent 
reduction in the littler weights. This inoculation provokes 
systemic release of cytokines and prostaglandin which 
when exist in the amniotic fluid trigger preterm labour. 
(Durand et al. 2007). 


Severe periodontal infection discovered in early pregnancy 
is a risk factor for low birth weight independent of other 
conventional risk factors; this risk is aggravated by maternal 
inflammatory reaction to chronic exposure to periodontal 
bacteria. (Boggess et al. 2005). 


Periodontal disease and Preterm low birth- 
weight (LBW) infants: 


Preterm, low birth weight (PLBVV) infants represent a 
significant cause of prenatal morbidity and mortality. 
Identified risk factors include maternal age (<I7 years or 
>34 years), socioeconomic status, inadequate prenatal care, 
hypertension, substance or tobacco abuse, genitourinary 
tract infections, diabetes and African-American ancestry. 
Efforts to control these risk factors have not resulted in a 
significant reduction in the number of PLBW births. 
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A number of biologically active mediators such as PGE2 
and TNFa are also involved in normal parturition. These 
mediators are raised to artificially high levels during 
infections and thus may foster premature labour. LPS from 
gram-negative anaerobes found in periodontal pockets 
trigger release of PGE2 and TNFa, which may in turn, 
affect the course of pregnancy. 


According to the European Journal of Obstetrics & 
Gynaecology and Reproductive Biology: preterm low 
birth- weight is considered the second leading cause of 
infant death after congenital anomalies. Similar to other 
inflammatory conditions periodontal disease can affect the 
body systems either directly or indirectly. 


A study by Bosnjak et al 2006 showed that mothers 
with PLBW births had higher concentrations of four 
bacterial species of typical periodontopathic bacteria (I. 
forsythia, P. gingivalis, A. actinomycetemcomitans, and_ IT. 
denticola), when compared to healthy control. The 
prevalence of positive foetal IgM to P. gingivalis, C. rectus 
and F. nucleatum was also demonstrated to be 
significantly higher for preterm as compared to full- 
term infants. (Madianos et al.) 


Offenbacher et al found that women with periodontal 
condition had higher risk for pre-term labour and low birth- 
weight than those with normal _ periodontal 
conditions. (Durand et al. 2007) Inaddition, recent 
meta-analysis study showed a strong link between 
maternal periodontal infection and pre-term birth. 


Among the suggested links between periodontitis and 
preterm labour is the release of nitric oxide from infected 
periodontal tissue to the bloodstream. It reaches the 
cervix and induces premature labour.(Giannella et al. 201 1) 
Similarly, a transient bacteremia can occur in patients with 
periodontal disease. These bacteria or their products 
can reach placental tissue, induce inflammation and labor. 


Since periodontal disease is preventable as well as 
curable, management of periodontal condition before 
pregnancy by periodontal therapy, may reduce the rate 
of preterm labour and hence the neonatal mortality 
and morbidity around the world. (XuXiong et al. 201 1) 


Evidence to support this hypothesis has been obtained in 
rodent models. In addition, a recent study of mothers of 
PLBW infants, with otherwise low risk, had significantly 
more periodontal disease than a similar group of women 
with normal weight infants at birth. 
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Periodontal inflammation can act as a reservoir of 
inflammatory mediators like PGE2 leading to lower 
gestational age and lower birth weight. Studies have 
revealed that higher levels of PGE2 in GCF was noted in 
mothers giving birth to low-birth-weight infants and pre- 
term birth. 


Giannella et al reported that periodontal disease is a 
risk factor for preterm labour. They reported high levels 
of nitric oxide in gingiva and uterine cervix in patients 
with periodontal disease. They suggested that periodontal 
disease could contribute to systemic inflammation. 


Al obaid in his meta-analysis reported that potential for 
experiencing a second preterm birth could be higher than 
general population of patients with previous history of 
pre-term birth and is not dependent on periodontal 
disease or periodontal therapy. However, the periodontal 
therapy improved the _ post-delivery periodontal 
condition, and he advised to perform routine scaling 
and root planing for pregnant women with no history of 
pre-term birth. 


The periodontal therapy allows for the resolution of 
periodontal inflammation by reducing the amount of plaque 
and calculus, and prevents or limits tissue destruction 
thereby preserving dentition. Hence women should be 
instructed and motivated to carry out oral hygiene care 
which is a very important component of periodontal 
treatment during pregnancy. However, available evidence 
does not explicitly support the hypothesis that treatment of 
periodontal disease patients prevents PLBWV, although 
periodontal treatment is not hazardous to the women or 
their pregnancies. (Newnham et al., Macones et al.) 


Respiratory system: 


There is escalating evidence that bad oral condition can lead 
to respiratory diseases, this is mainly due to the proximity 
of oral cavity to the trachea which acts as an entry of oral 
pathogens to the lower respiratory system. 


The different ways in which periodontitis can possibly 
cause respiratory illness are as follows: 


|. Through aspiration of oral pathogens into the 
lower respiratory tract. Consequently, these 
periodontopathic pathogens such as P. gingivalis and 
A. actinomycetemcomitans adhere and colonize the 
respiratory mucosa, leading to respiratory ailments. 
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2. By the systemic release of inflammatory mediators 
which induce inflammation of the respiratory mucosa. 
(Chen Kuo et al. 2007). 


3. Periodontal disease associated enzymes can diminish 
the protection of non-specific host defence. 


4. Cytokines released from periodontal tissues may alter 
respiratory epithelium and increase its susceptibility 
to colonization by respiratory pathogens. 


Aspiration pneumonia is a pathologic consequence of an 
abnormal entry of fluids, particulate matter or secretions 
into the lower airways. In healthy persons, this aspirate 
is usually cleared by pulmonary defence without any 
disease. However, patients with immune compromise or 
systemic disease, there is a possibility that oral biofilms and 
periodontal inflammation can be a potential contributor. 


Studies report that patients admitted to ICUs and nursing 
home residents with poor oral hygiene are at high risk 
for respiratory function. Some studies have reported that 
oral bacteria like P gingivalis, A. actinomycetamcomitans and 
S. qureus may enhance the risk of respiratory disease. 


There is strong evidence that poor oral health including 
periodontitis may increase the risk of pneumonia, 
especially in the susceptible patients e.g., hospitalized or 
immunocompromised patients. In these patients, improving 
oral hygiene can lower the risk of pneumonia up to 40%. 
(Pizzo et al. 2010). 


Mattar et alhave reported that septic pulmonary embolism 
could be caused by periodontal disease. 


Hayes et al reported that increased alveolar bone loss 
was associated with increased risk of chronic obstructive 
pulmonary disease. 


Travis et al reported that emphysema _§ and 


periodontal disease had similar pathological process. 


Common pathogens in aspiration pneumonia are anaerobic 
bacteria that colonize gingival crevice and periodontal 
pockets by aerosol droplets or by aspiration of saliva. 


Awano et al observed that old patients with high number 
of periodontal pockets have higher mortality rate from 
pneumonia. 


In patients with periodontal disease, bacteraemia tends to 
be continuous, increasing the risk of dental infection to 
be disseminated through the bloodstream. The degree of 
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bacteraemia is directly related to the severity of periodontal 
infection. (Mattar et al. 2006). 


There are chances for chronic obstructive pulmonary 
disease. 


Alcoholic patients: 


Alcohol consumption is a common practice around the 
world. Alcoholic patients consume half of their calories in 
the form of ethanol. They also have nutritional deficiencies 
of proteins, minerals — Mg, Zn, folic acid, riboflavin, pyridoxine 
and vitamin D, K & E. 


The patients can present with glossitis, angular cheilitis, 
candidal infection, oral ulceration and acute necrotizing 
ulcerative gingivitis. If the patient is already diagnosed with 
oral cancer, alcoholic patient has 50% increased risk for 
developing a second primary tumor. 


The severity of periodontal disease in alcohol abusers could 

be attributed to disturbed defense mechanisms, impaired 
function of neutrophils, macrophage and T-cells, increased 
frequency of infections, altered protein metabolism, 
and tissue healing. Microbiological studies reveal that 

high alcohol abusers harbor slightly higher frequencies of 
periodontal pathogens. Higher levels of orange and red 
complexes were identified in subgingival plaque of 
alcoholics even in sites with shallow probing depths. 
Yokoyama et al observed that counts of salivary yeast 
and total microbes increased with salivary acetaldehyde 

production. They observed reduction in counts after three 
weeks of abstinence. 


It can lead to sialadenosis of parotid gland, peripheral 
autonomic neuropathy, and cirrhosis. It can present with 
reduced salivation and immune response thereby increasing 
the risk for periodontal disease and caries. 


Cirrhosed liver results in impaired generation of clotting 
factors, poor glycemic control, reduced cholesterol 
metabolism and detoxification processes. Liver cirrhosis 
can increase susceptibility to bacterial infections and 
patients can show increased risk for severe periodontal 
disease and caries. 


There are alterations in drug metabolism with increase 
in albumin levels. The drugs that directly interact 
with ethanol are acetaminophen, acetylsalicylic acid, 
NSAIDs, Erythromycin, Metronidazole, Cephalosporins, 
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Ketoconazole, Tetracycline, Barbiturates, opioids, and 
benzodiazepines. 


Its effects on cardiovascular system include mild 
hypertension, increased levels of triglycerides and LDL. 
This increases the risk for coronary artery disease and 
cerebrovascular disease in patients. 


Immune system is also affected by alcohol. There is 
a deficiency of complements, impaired adherence of 
Kupffer cells and neutrophils, impaired motility and 
phagocytosis. This leads to increased risk of infections. 


Periodontitis and Liver Diseases: 


Periodontitis can lead to _ liver abnormalities; 
According to Jain et al (2011), elevated liver enzymes - 
ALT, AST, ALP was_ observed in_ patients with 
periodontitis suggesting a linear relationship between 
impaired liver function and periodontitis. 


Studies propose that periodontal bacteria’s 
lipopolysaccharideis involved in the development of 
non-alcoholic fatty liver disease. LPS from periodontal 
pathogens elicits the synthesis of cytokines which impairs 
lipid metabolism leading to hepatic dyslipidaemia and 
hepatic injury. (Furuta et al. 2010). 


Author 


Study Design 
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Barbero et al examined the dental health of eighty patients 
being prepared for liver transplantation. They found 85% 
of the patients to have deficient oral hygiene,45% 
presented advanced periodontal disease, and 12% 
had chronic gingivitis. 


The risk of infection or sepsis from dental disease prior to 
or subsequent to organ transplantation may be significant 
for some patients. Yoneda et al reported that prevalence of 
P. gingivalis infection was significantly higher and it could be 
an independent risk factor with non-alcoholic fatty liver 
disease and non-alcoholic steatohepatitis. The decrease in 
liver function could be accelerated in P. gingivalis positive 
patients. This could be attributed to large amounts of LPS 
and TNF-a induced by infection not only in the gingiva but 
also involve other systemic organs. 


Forner et al reported that these periodontal pathogens can 
also enter into circulation after tooth brushing, chewing, 
subgingival irrigation and dental extractions. 


Ashare et al reported that patients with chronic liver 
disease had prolonged bacteremia, and the bacterial load 
was dependent on the amount of dental plaque present in 
the patients. 


Findings 














situ that may be associated with IL-6 activity. 
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Lu Q 2010 Cross-sectional 
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chronic liver disease patients may represent a 


source of infections. 


Subjects with severe periodontal disease are 
likelier to have more chronic diseases like liver 


disease. 


Human gingiva has the ability to produce CRP in 


Poor oral health status observed in most 





Tab 36.1: Liver and Periodontal Disease-Clinical and Histological findings 
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Fig. 36.9: The possible mechanisms by which Liver disease could aggravate periodontal disease. 
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Periodontitis and renal diseases: 


Chronic renal disease can affect oral tissues leading to 
xerostomia, delayed tooth eruption, calcifications with 
pulpal obliteration, enamel hypoplasia, reduced caries 
and altered salivary pH. Patients are at risk for increased 
bleeding and need alterations in drug dosage and antibiotic 
prophylaxis, especially when they are under renal dialysis. 
Gingival inflammation, drug-induced gingival hyperplasia, 
and severe periodontal disease could be noted in patients 
with poor oral hygiene when they are on dialysis. 


The 2001 Clinical Practice Guidelines for Renal 
Transplantation categorized the pre-transplant oral 
examination as “C’. Category “C” denotes that there is 
“poor evidence regarding [its] inclusion” based on a lack 
of supporting literature and scientific evidence “but [the] 
recommendation may be made on other grounds.” 


Periodontal disease can show intense local production 
of pro-inflammatory cytokines that can enter the 
bloodstream, trigger a systemic acute-phase inflammatory 
response leading to systemic inflammation. Higher levels of 
inflammation increase the plasma proteins that are filtered 
by kidney. They induce further release of cytokines in renal 
interstitium, alterations in endothelial function, proliferation 
of fibroblasts, fibrogenesis, and renal scarring. This process 
can end in renal failure. Thus, in patients with end-stage 
renal disease, undiagnosed or untreated periodontitis 
contribute to systemic inflammatory burden and elevated 
CRP levels. 


Stenvinkel et al reported a chronic state of inflammation 
in chronic kidney disease. 


In a study conducted by Loannidov et al 201 1, periodontitis 
has a significant effect on the systemic inflammatory load 
that is already present in chronic renal disease. Periodontitis 
increases the level of CRP as an independent factor in 
patients with chronic renal disease. 


Kshirsagar et al reported that subjects with periodontal 
disease had altered kidney function with reduction in 
glomerular filtration rate (GFR) than patients with gingivitis 
or healthy controls. They also reported a three times risk 
of low serum albumin concentration in patients with severe 
periodontal disease. Initial or severe periodontitis was also 
associated with renal insufficiency, defined as a GFR of 
<60 ml min-I/1.73 m? and albuminuria 2 30mg/g, and with 
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increased serum creatinine levels. Moreover, subjects with 
impaired renal function had elevated serum antibodies to 
periodontal pathogens such as Porphyromonas gingivalis, 
Aggregatibacter actinomycetemcomitans, and Treponema 
denticola 


Furthermore, in an exploratory trial done by Graziani et al 
2010, they found that a non-surgical periodontal therapy in 
patients with periodontal infection showed improvement 
in the GFR. This could be attributed to positive effects 
of periodontal therapy on systemic inflammation and 
endothelial function. 


Craig has reported that patients with end-stage renal 
disease have a high risk for mortality due to atherosclerotic 
complications. It could be correlated with CRP levels, 
which increase with inflammatory burden. CRP is a major 
risk predictor for atherosclerotic complications in general 
population, and it can supplement serum lipoprotein 
profiles for predicting cardiac events. Moderate & severe 
periodontitis increase serum inflammatory markers 
including CRP NHANES Ill, MI life study of New York and 
ARIC reported a positive association between CRP values 
and severity of periodontal disease. 


Rahmati et al reported that levels of IgG antibody to 
P. gingivalis correlated with elevated CRP values in serum 
samples of 86 consecutive dentate hemodialysis patients 
in the United States. Elevated CRP were associated with 
lower levels of hemoglobin, iron, transferrin saturation, 
albumin, total cholesterol, and triglycerides. Serum IgG 
antibody was significantly associated with CRP. 


Chen et al studied 253 patients of end-stage renal disease 
under hemodialysis for periodontal disease status and 
severity. They reported that CRP values correlated with 
periodontal disease severity. 


Periodontitis and joint diseases: 


Studies have reported that infection with P_ gingivalis 
is associated with rheumatoid arthritis. lrace et al 
reported that there is enlargement of arterial diameter 
and alterations in hemodynamics in rheumatoid arthritis. 
Carallo et al report that oral inflamed tissues can release 
inflammatory mediators into circulation and increase 
systemic inflammation. 
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¢Similarities between Pathogenesis 
and progression of Rheumatoid 

\ arthritis and Periodontal disease. 

¢Self-sustaining inflammation 

| adjacent to bone charectarized by 

pain, swelling and tenderness with 

subsequent destruction of adjacent 

bone. 


¢Similar immunogenetic features. 


eEnvironmental or host factors that 
may increase susceptibility to RA 
and periodontitis. 
ees: Socioeconomic status, Body 
mass index, alcohol consumption, 
smoking & poor oral hygiene 


Fig. 36.10: Possible associations between the pathogenesis of Rheumatoid arthritis and Periodontal disease 


Cantley et al reported that mice with pre-existing 
periodontal disease developed more severe experimental 
arthritis and disease occurred at a faster rate. 


Bartold et al and dePablo et al reported that rheumatoid 
arthritis and periodontitis have similarities with periodontal 
disease. Bozkurt et al and Ogrendik et al reported that 
cytokine profiles are similar for both diseases. Ribeiro 
et al and Havemose-Poulsen et al reported that 
periodontitis is a risk factor for developing or enhancing 
the severity of rheumatoid arthritis. Rosenstein et al 
and Wegner et al reported that P. gingivalis can 
citrullinate proteins through the release of peptidyl- 
arginine deaminase. Epidemiologic, serologic and animal 
studies suggest the involvement of periodontopathic 
bacteria P gingivalis in the initiation and progression of 
rheumatoid arthritis. A number of cross-sectional 
studies also show that patients with rheumatoid arthritis 
have increased prevalence of periodontitis and tooth 
loss. 
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Periodontal disease and Osteoporosis: 


Osteoporosis features systemic degenerative bone loss 
that leads to loss of skeletal cancellous microstructure and 
subsequent fracture, whereas periodontitis involves local 
inflammatory bone loss, following an infectious breach of 
the alveolar cortical bone, and it may result in tooth loss 
(Wang C] & McCauley). Some studies have suggested that 
periodontal disease could be an early manifestation of 
osteoporosis due to presence of bone resorption in both 
diseases. The increase in cytokines by periodontal disease 
can accelerate systemic bone resorption. 
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Fig. 36.11 Osteoporosis 


Behavioural and 
enviornmental risk 
factors: 


Immunosuppression. 


Systemic Risk factors 





e Ageing. 

e Gender. 

e Race. 

e Ethinicity. 

¢ Genetic 
predisposition. 





Fig. 36.12 Common Risk factors for Osteoporosis and Periodontitis 
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Ankylosing spondylitis (AS) is a chronic inflammatory 
rheumatic disease of axial skeleton including sacro-iliac 
joints, spine, peripheral joints, and enthesis. Advanced 
disease is related to severe functional impairment, work 
disability and compromised quality of life. 


Several studies have reported the systemic elevation of 


pro-inflammatory cytokines like IL-6, TNF-a in serum of AS 
patients than healthy controls. A similar cytokine profile is 
also noted in periodontal disease. So, these two disease 
phenomena could be inter-related. The periodontal status 
is influenced by systemic inflammation. 


CRP levels are mildly elevated in severe cases of AS. 
Hence, CRP can be a weak marker common to both AS 
and periodontitis, as higher CRP levels are associated with 
severe periodontal disease. 


Sezer et al have reported that the frequency and severity of 
periodontitis were not altered in AS patients but with only 
increased bleeding on probing. But Pischon et al reported 
that probing pocket depth and clinical attachment levels 
were significantly different among AS patients. This could 
be attributed to the multi-factorial nature of periodontal 
disease, and the destruction is based on the total burden 
of systemic inflammation. 


Sezer et al also show that drug treatment for AS like anti- 
TNF treatment and NSAIDs can alter the effect of AS on 
periodontal disease. 


Periodontitis and gastric diseases: 


Helicobacter pylori (H.pylori) is a microbe responsible for 
gastritis and peptic ulcers. It is also a risk factor for gastric 
cancer. It can be detected in periodontal pockets, mucosa 
and in saliva. 


High prevalence of H. pylori in the oral cavity could 
be attributed to poor oral hygiene and periodontal 
disease. Deep periodontal pockets may harbour H. 
pylori, and the micro-anaerobic environment favours 
growth of such pathogens. Hence, periodontal disease 
considered as a potential risk factor. 
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Riggio and Lennon identified this organism in subgingival 
plaque of chronic periodontitis. Eskandari et al correlated 
H. pylori in dental plaque with gastritis. 


Souto and Colombo identified significant number of H. 
pylori in subgingival plaque and in saliva of non-dyspeptic 
patients with chronic periodontitis. 


Namiot et al reported high prevalence of peptic ulcers 
caused by H. pylori in association with poor oral health. 


The presence of H. pylori in oral cavity affected the 
treatment outcome of eradication therapy and led to 


recurrence of gastric infection. The efficacy’ of 
antimicrobials is lower if the dental plaque is not 
disrupted. Hence, oral hygiene maintenance and 


periodontal procedures are mandatory in such patients. 


A meta-analysis by Bouziane et al recorded a 63% relative 
risk reduction of H. pylori in patients receiving 
periodontal therapy and a significant relative benefit of 
periodontal therapy over standard therapy for gastric 
diseases. 


Periodontal disease and pancreatic cancer: 


Loos BG reported that chronic inflammation induced by 
periodontal disease might promote carcinogenesis of 
pancreas. Periodontitis also increases the production of 
carcinogens, nitrosamines. Nitrosamines have been 
hypothesized to play an important role in the 
pathogenesis of pancreatic cancer. 


Pancreatic cancer has high incidence and mortality 
rates in many developed countries. However, with 
tobacco smoking as an exception, risk factors for 
pancreatic cancer are not well-established. Some 
studies have suggested alcohol consumption, diabetes, 
obesity, insulin resistance, H.Pylori, chronic pancreatitis, 
physical inactivity, aspirin use, occupational exposure 
to certain pesticides, and dietary factors such as 
carbohydrate or sugar intake to be potential risk 
factors for pancreatic cancers.(Michaud, Yadav & 
Lowenfels) 
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36.13: Risk Factors for Pancreatic Cancer 


Periodontal disease and Alzheimer’s 
disease: 


Alzheimer’s disease affects elderly people, is a progressive 
neurodegenerative disorder and is one of the leading cause 
of dementia. 


Karner et al reported progression of Alzheimer’s disease 
due to bacterial and inflammatory role of periodontal 
disease. Periodontal pathogens like T. denticola can spread 
via neuronal pathways of trigeminal nerve to the brain. 
The cytokines derived from periodontal inflammation can 
increase inflammation of brain. 


Grimaldi et al reported that IL-l gene polymorphisms 


have been detected in Periodontitis and 
Alzheimer’s disease. 
A recent study by Ide et al also showed that 


periodontitis is associated with an_ increase in 


cognitive decline in Alzheimer’s Disease. 


The progression of dementia also has a detrimental effect 
ability to perform self-care including oral hygiene. Hence 
poor oral health, gingivitis, plaque and calculus is increased 
among Alzheimer patients when compared with 
healthy individuals of same age and gender. 


Periodontal disease and Hyperlipidemia: 


Pohl et al, Johansson et al, Saito et al, Ebersole et al, Watkinet 
al, Noack et al, Katz et al, Buhlin et al, Morita et al, Uchiumi 
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et al and Maglakelidze et al have reported the association 
between periodontal health and hyperlipidemia. 


Kinane et al, Offenbacher et al and lacopino & Cutler 
reported that periodontal disease can lead to spillover of 
inflammatory cytokines from gingival tissues into blood 
circulation leading to increased lipid mobilization from liver 
and adipose tissue. 


Cutler et al, Losche et al and Moeintaghavi et al reported 
that patients with periodontal disease had higher serum 
levels of total cholesterol, LDL, and_ triglycerides 
than patients with healthy periodontium. 


Impact of periodontal therapy on systemic 
diseases: 


@ Mattila et al, Iwamoto et al, D’Aiuto et al and 
Montebugnoli et al showed that conservative 


periodontal therapy like scaling, root planing, and 
antibiotic therapy has been shown to decrease 
inflammatory mediators like CRP, Fibrinogen, TNF-a, 
Ox-LDL, and IL-6. But Ebersole et al and Ide et al 
could not find any serum level alterations after 
conservative periodontal therapy. 


@ Christian et al reported a significant reduction in 


WBC count three months after completion of 
subgingival scaling. 
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¢ D’Auito et al reported that periodontitis patients 
treated with scaling and root planing showed 
significant serum reduction in biomarkers for 
cardiovascular disease like CRP & IL-6. 


@ Seinost et al reported that periodontal therapy can 
reduce inflammation and consequent improvement in 
endothelial function as shown by brachial artery 
flow-mediated dilation. 


¢ Taylor et al reported that after full-mouth 
extraction for patients with advanced periodontitis, 
there was a significant decrease in CRP, PAI-l & 
fibrinogen levels and WBC counts within 12 weeks 
following treatment. 


@ Behle et al reported decreased levels of serum 
MMP-9 shortly after initiation of periodontal 
treatment. 


¢ Vidal et al reported reduction in levels of 
fibrinogen, IL-6 & CRP following periodontal therapy 
in patients with refractory hypertension. 


@ Hussain et al reported a decrease in plasma 
fibrinogen levels after non-surgical therapy in patients 
with or without CVD. 


¢ Gunupati et al reported that periodontal therapy 

in patients with acute myocardial infarction 
decreased serum concentrations of IgG _ and 
IgM = anti-cardiolipin. 


@ Pussinen et al, Montebugnoli et al, Oz et al and 
Duan et al. reported that periodontal therapy 
improved serum lipid profiles. 


@ Yoneda et al reported the positive response 
to periodontal therapy in improving the  non- 
alcoholic liver disease. 


@ Mitchel-Lewis et al reported that women who 
received dental cleaning during pregnancy were less 
likely than untreated women to give birth to a pre- 
term low birth weight infant. 


¢ Lopez et al showed that a_ regimen of 
scaling, chlorhexidine mouthrinses and _ frequent 
maintenance care in women with gingivitis reduced 
the rate of preterm birth or low birthweight than 
women with untreated periodontitis. They also 
reported that 
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periodontal treatment reduced the occurrence of 
pre-term birth from 6.8% to 1.1% 


@ Jeffcoat et al reported that women who received 
scaling and root planing had lower pre-term birth 
rates. 


@ Clinical trials by Michalowicz et al, three trials in US 
and Australia failed to observe a positive effect of 
periodontal therapy on pre-term low birth-weight. 


¢ In a meta-analysis, Polyzos et al suggested a 
beneficial effect of periodontal treatment on the 
rates of pre-term low birth weight but Fogacci et al 
could not corroborate this finding. 


@ Ribeiro et al, Al-katma et aland Ortiz et al reported 
that treatment of periodontitis may reduce severity 
of arthritis. 


@ Oz et al reported that control of periodontal infection 
resulted in significant decrease in lipid levels. 


@ Pussinen et al, D’Aiuto et al and Losche et al showed a 
positive effect of periodontal treatment on serum lipid 
profile. 


@ Fencoglu et al reported that decrease in cholesterol 
levels was observed with treatment of slight and 
moderate periodontal disease. 


In a review by Winning, L. & Linde that diabetes, 
metabolic syndrome and obesity impact the progression 
of periodontitis the authors noted that many of the 
studies trying to explore and understand the bidirectional 
relationship of periodontal disease and systemic diseases 
are observational. Observational studies lack the power 
to describe causality. Hence, they show an association. 
Further, there is a need to have better designs of studies 
to take into account the confounding factors should have 
a uniform definition of periodontal disease. However, 
such associations may be significant and periodontal 
diagnosis should be carried over regularly in such patients. 


Review Questions: 


Essay questions: 


|. What is focal infection theory? Describe the effects 
of Periodontal disease on pregnancy. 


2. Describe the Pathobiology of Periodontal diseases 
and its possible impact on systemic health. 
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3. 


Describe the Influence of periodontal infection on 
atherosclerosis. 


. What is the possible influence of Periodontal disease 


on glycemic control? 


Short notes: 


5. What is periodontal inflamed surface area (PISA) and 
how do we calculate it? 
6. What are Advanced Glycation End _ products 
(AGEs)? 
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¢ Challenges in diagnosis 


Definitions and Terminology: 


Diagnose: To recognize or determine the nature of a 
disease or abnormal state or condition by study and 
consideration of the signs and symptoms and their 
manifestation.(Glossary of Periodontal terms, 2001) 


Diagnosis: |. The art and science of detecting and 
distinguishing deviations from health and the cause 
and nature there of. 2. The determination of the nature, 
location, and causes of a disease or disorder.(Glossary of 
Periodontal terms, 2001 ) 

Clinical Diagnosis: Determination of a condition based 
on history and physical examination without use of laboratory 
or microscopic tests.(Glossary of Periodontal terms, 2001 ) 
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¢ Periodontal Screening and Recording system(PSR) 
¢ Basic Periodontal Examination (BPE) 
¢ Supplemental tests 
— Near Infrared (NIR) spectroscopy 
— Optical coherence tomography (OCT) 
— Microbial testing 
— Biochemical analysis 
— Gingival crevicular fluid (GCF) analysis 
— Analysis of Saliva 
— Genetic testing 
e Review Questions 
— Essay Questions 
— Short notes 
¢ Principal References and Suggested Further Reading 


Laboratory Diagnosis: Diagnosis based on the 
examination of fluids or tissues in the laboratory.(Glossary 
of Periodontal terms, 2001) 


Periodontal Diagnosis: Recognizing a departure from 
health in the periodontium and distinguishing one disease, 
disease categorization, or etiology from another. Based on 
information obtained from the medical and dental histories, 
clinical and radiographic examination of the patient, and 
laboratory findings.(Glossary of Periodontal terms, 2001) 


Periodontal diagnosis is used to determine whether 
the disease is present; if present, then identify its type, 
extent, distribution, and severity; and finally provide an 
understanding of the underlying disease process and its 


causes. 
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We have already discussed the various gingival diseases, 
periodontal diseases and periodontal manifestations of 
systemic diseases in previous chapters. 


The diagnosis is determined after careful analysis of case 
history and evaluation of the clinical signs and symptoms, 
as well as results of various tests like mobility, radiographs, 
blood tests and biopsies. 


Periodontal diagnosis is an important label that clinicians 
place on a patient's periodontal condition or disease. 
Differential diagnosis is a list of possible diagnoses of a 
patient’s condition ranked from the most likely to least 
likely. This is important because it gives other options 
to the clinician if the initial diagnosis is proved wrong 
subsequently. 


The focus should be on the patient who has the disease and 
not on the disease itself. Hence, diagnosis should include 
general patient evaluation with consideration of the oral 
Cavity. 


In this chapter, we have followed the salient features of 
case history so as to help the student in understanding 
periodontal diagnosis both in its theory and practise. 


Explanation of Case History: 


A thorough medical history along with an assessment of 
clinical signs and symptoms are necessary for reaching a 
diagnosis. The clinician should record the full history along 
with the medical history from the patients first visit. The 
case history should be revisited at every subsequent visit 
of the patient and updated. 


Opd No: For keeping record of patients (OPD-out patient 
department) 


Date: For tracking the duration of ailment and for keeping 
arecord. 


Name: is noted for addressing the patient. It helps in 
better coordination and interaction. 


Age: Some periodontal diseases are more prevalent in 
particular age groups. E.g. 


@ Localized aggressive periodontitis: | 1-19 years. 
@ Generalised aggressive periodontitis: 20-35 years. 


@ Chronic periodontitis:>35years. 
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Sex: Certain periodontal conditions and diseases are 
prevalent in particular sexes. e.g. 


@ Chronic Periodontitis is more severe in males. 
@ Pregnancy tumor is seen only in females. 


Address: Should be recorded for further communication 
with the patient. Certain conditions are endemic in specific 
areas. e.g.,fluorosis. 


Phone Number/Mobile Number: assists in easy and 
instant communication with the patient. 


Occupation: knowing the occupation gives better insight 
into the socio-economic as well as the educational status 
of patient. Specific dental ailments are common in people 
with certain occupations. 


@ Cobblers and electricians have attrition of anteriors 
because of holding of nails in anterior teeth. 


@ Workers in acidic environments such as acid battery 
plants have erosion of teeth. 


Chief Complaint/s: It is the reason for which patient’s 
come to the clinic. It is recorded in the patient’s own words. 
It is recorded in chronological order. 


History of Presenting Illness: The following items must 
be thoroughly questioned and included 


¢ Pain: onset, duration, intensity of pain is to be noted. 
Sensitivity on chewing, sensitivity to heat and cold, 
sensitivity to inhaled air may indicate underlying 
periodontal disease. Dull grawning, continuous pain 
generally pain from periodontal origin. Sharp, intense 
night pain is generally a clear indicator of endodontic 
origin of pain. 


Bleeding from gums if any should be noted. 
Presence of Loose teeth if any should be noted. 
Spreading of teeth (pathologic migration). 


Foul taste. 


¢-fefhUCU OHmhUC Hh OH 


Itchy feeling in gums: relieved by digging with 
toothpick. 


@ The symptoms recorded should address the following 
questions: 


<> How long has the patient been aware of these 
problems? 


<> Have these symptoms changed? 
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<> Do they get aggravated or relieved? 


Ask open-ended questions like, 


4 
4 
4 
4 
4 


4 
4 


Do your gums bleed on brushing or overnight? 

Are any of your teeth loose? 

Can you chew everything you want to? 

Do you have a bad taste or smell from your mouth? 


Do you suffer from pain, swelling, gum boils or 
blisters? 


Do you smoke? 


Is there anything else you would like to tell me? 


Past Dental History: Complete detailed past history 
should be recorded. 


4 


4 


Special emphasis should be given to any untoward 
event in the previous visits for dental treatment. 
Eg.Allergies to local anesthesia, syncope, if the 
patient is a regular attende in case the patient is 
undergoing periodontal treatment and if the patient 
has undergone previous orthodontic treatment. 


Recording the previous history of extraction must 
include the reasons for extraction. 


Medical History: All medical problems the patient has 
and is aware of should be recorded.A variety of medical 
problems have varied interrelationship with oral ailments 
and would require the modification of treatment.e.g. 
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Diabetes and HIV infection increase the susceptibility 
to periodontal diseases. 


Leukaemia and mucocutaneous disorders can have 
periodontal manifestations. 


Drugs such as calcium channel blockers and phenytoin 
have periodontal side effects. 


Use of medications such as anticoagulants or 
bisphosphonates warrant specific precautions to 
avoid complications. 


Ultrasonic instrumentation should be avoided 
in patients with communicable diseases such as 
tuberculosis to prevent the production of aerosols as 
they may present risk to the dental team. 


Family History: The patient should be asked about family 


history of periodontal 


problems. Certain diseases 


have genetic predilection,e.g: 
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@ Localized aggressive periodontitis. 


@ Down’s syndrome. 


@ Hypophosphatasia. 


It should also be recorded if any of the immediate family 
members had lost teeth due to periodontal disease 
or received periodontal therapy other than routine 
supragingival scaling at less than 40 years of age. 


Personal History: 


Habits: Details of habits such as tobacco use and 
alcohol consumption should be recorded. The 
questions should describe the mode of tobacco used, 
if the patient is a current or past smoker, the number 
of cigarettes smoked per day, the duration of years/ 
months the patients had or is smoking cigarettes. The 
amount of alcohol consumption and the years of its 
consumption should be recorded. Moreover, habits 
such as betel quid chewing, khat chewing or use of 
any other addictive drugs should be recorded. 


Parafunctional Habits: 


a. Bruxism(grinding): It is the unconscious clenching 
or grinding of teeth when the individual is not 
chewing or swallowing. Clinical features: Occlusal 
irregularities resulting in abnormal wear patterns 
on the teeth and periodontal breakdown. 
Nocturnal bruxism: patients who grind their teeth 
at night. Diurnal bruxism: patients who do bruxism 
in daytime. 

b. Clenching: It is a type of bruxism. It is a non- 
functional, intermittent, forceful application of the 
mandibular teeth against the maxillary teeth. 


Mouth Breathing: The process of breathing 
(inspiration and expiration) takes primarily through 
the oral cavity. It is seen in nasal conditions such as 
deviated nasal septum, enlarged adenoids. Gingivitis 
is associated with mouth breathing. The maxillary 
anterior region is the most common site of 
involvement. The harmful effect of mouth breathing 
is due to surface dehydration. Patients who are 
mouth breathers may also have incompetent lips. 


Tests to detect mouth breathing: 


@ Physical observation of the nares: If an individual 
is a mouth breather there will be no movement 
of the nares during breathing. 
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¢ Cotton test/butterfly test: Thin cotton strip is 
made in the shape of breathing and kept between 
the nose and upper lip. If during breathing the 
cotton moves downward then the individual is 
mouth breather. 


¢ Water holding test: Patient is asked to 
hold water in the mouth. If the individual is a 
mouthbreather, he/she will not be able to hold 
water in his/her mouth for long. 


¢ Mirror test: A two-sided mirror is kept between 
the nose and upper lip, if fogging of the mirror 
is seen on the side towards the mouth then the 
individual is a mouth breather. 


4. Tongue thrusting: it is the forceful thrusting of 
tongue between the anterior teeth, especially the 
initial stage of swallowing. Tongue thrusting may lead 
to delayed eruption and open bite. 


@ The patient is asked to swallow, if the tongue is 
seen wedging between the teeth, then it show 
that the patient has tongue thrusting habit. 


5. Oral hygiene aids/habits: read chapter on plaque 
control. 


@ Whattype of brush does the patient use? (powered 
or manual, soft, medium or hard bristles) 


@ How often does he change the brush? 
@ What brushing technique does he use? 


@ What is the duration of brushing teeth? (3min is 
necessary for adequate brushing) 


¢ What dentifrice (toothpaste) does he use? 
Fluoridated/non-fluoridated? Gel/paste? 


@ Does the patient use any other oral hygiene aid? 
(mouth rinse, water jet, interdental brushes or 
dental floss) 


CLINICAL EXAMINATION: 
Extraoral Examination: 


Facial Symmetry, Facial Profile, and TMJ: (Refer 
Oral Medicine textbooks, as it is outside scope of this 
textbook) 
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Examination of lymph nodes: 


Head and neck lymph nodes should be routinely evaluated 
as they may get involved by periodontal, periapical and 
other oral diseases. They can get enlarged and indurated 
due to infections, malignant metastasis or residual fibrosis. 


Inflammatory nodes are enlarged, palpable and tender. The 
overlying skin may be red and warm. Primary Herpetic 
Gingivostomatitis, Necrotizing Ulcerative Gingivitis (NUG) 
and acute periodontal abscesses may produce lymph node 
enlargement. These enlarged lymph nodes return to normal 
after successful therapy. 


Lip seal: 
Types of lip seal are 
@ Competent- normal. 
@ Incompetent-abnormal. 
@ Potentially incompetent-abnormal. 


@ Everted lip seal-abnormal. 


Intraoral Examination 


Oral Mucosa, Tongue and Floor of the Mouth: are 


examined for anomalies /pathologic changes. (Refer Oral 
Medicine textbooks, as it is outside scope of this book) 


Halitosis/bad breath/OralMalodour/fetor ex-ore/offensive 
breath: 


Local (oral) causes: 
@ Retention of odoriferous food particles. 
Acute necrotizing ulcerative gingivitis. 
Poor oral hygiene/coated tongue/Caries. 


4 
4 
@ Periodontal disease (esp. chronic periodontitis). 
@ Smoking. 

4 


Pericoronitis. 


5 


Dry mouth. 
Extra oral causes: 
ENT causes: 
@ Sinusitis/tonsillitis. 
@ Bronchitis. 


@ Acute pharyngitis 
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Liver: Ammonium -like breath in cases of liver cirrhosis. 


Kidney: Ammonium-like breath/uremic breath —kidney 
failure. 


Trimethylaminuria is a hereditary metabolic disorder with 
a typical fishy odour of breath. 


Hormonal Causes: Increased levels of progesterone in 
menstrual cycle impart a typical breath odour. 


Metabolic disorders: such as diabetes. 
Oral Hygiene Status: 


Oral hygiene index-simplified (Green and Vermillion):Oral 
hygiene index was given by Greene and Vermillion in 
1960, and it was simplified oral hygiene index simplified in 
1964. OHI-S is based on the two components the Debris 
Index and the Calculus Index. Components of OHI (S) are 
|. Debris Index and the 2. Calculus Index. It is based on 
numerically determining the amount of debris and calculus 
found on six preselected tooth surfaces 


Methodology: Index teeth are 


oie | on | 6 


¢ Selection of teeth: Completely erupted teeth are 
taken into consideration. In case of absence of Ist 
molar, the second or third molar can be examined. 
Teeth with full crown and grossly destructed /carious/ 
fractured are not examined. In case of the absence 
of |1/31, the central incisor on the other side of 
midlineis examined. 


@ Selection of tooth surfaces: Labial surfaces of upper 
and lower incisors are scored. Buccal surfaces of 
upper molars and lingual surfaces of lower molars 
are examined. 


Oral Debris Index: Oral debris is foreign material loosely 
attached to the tooth surface. A number 5 explorer 
(Shepherd’s Crook) is used for the estimation of debris. 


Universal System: 


Permanent dentition 
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Scores and criteria: 
O No soft debris / No stains are present. 
| Soft debris upto 1|/3"4 of the exposed tooth surface/ 
presence of extrinsic stains. 
2 Soft debris covering more than 1/3"? and less than 
2/3"of the exposed tooth surface. 
3 Soft debris covering more than 2/3"¢ of the exposed 
tooth surface. 
Debris index = Total Score 
No of surfaces examined 
Interpretation of the debris index: 
GOOD=0.0-0.6, FAIR=0.7-1.8, POOR=4.9-3.0. 
Calculus Index: 
Scores and criteria: 
QO No calculus. 
| Supragingival calculus covering less than 1/34 of the 
exposed tooth surface. 


2 Supragingival calculus covering more than 1/3" but 
less than 2/3" of the exposed tooth surface or 
individual flecks of subgingival calculus or both. 


3 Supragingival calculus covering more than 2/3" of 
the exposed tooth surface or subgingival continuous 
band of calculus around the neck of the tooth or 
both. 

Calculus index = Total Score 

No of surfaces examined 

There is no interpretation of calculus index. 
OHI (S) = Debris index+ Calculus index. 


Oral hygiene status: Good=0.0-1.2 Fair=|.3-3.0 and 
Poor=3.1-6.0. 


Dental Status: 


A number of systems are used to designate the teeth. The 
clinician should use one system to record the details at a 
time. The three most commonly used systems to designate 
the teeth are as follows 





(32/31 | 3029 | 28 | 27 | 26 | 25 | 24 23 | 22 | 21 20/19 | 18 | 17 
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Primary dentition: 





Palmer’s notation system: 


Permanent dentition: 


ei 7}eis}4/3fa}iiii|2/3ia}siel7(e 
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Primary dentition: 


EDC BIA A BIC DE 
sE]oiclelaAlale|cipje 
International system: 


Permanent dentition: 


181716 18 1413 12 AN Dt 22 23, 24 | 25 | 26 | 27 28 





Primary dentition: 


5/54 [52 /s2|si [1 |e lale las 





res | e4 |e) ez) er) 7) 7) 7 74: 75 


Teeth present: The number of the teeth that are present. 


Missing teeth: Record the teeth that were extracted. Read the effects of iatrogenic factors in periodontal disease, 
consequences of unreplaced missing teeth, which has been discussed in detail elsewhere in this book. 


Carious teeth: leads to soft tissue deposits accumulation 


WASTING DISEASES: ¢ Abrasion: Wearing away of a substance or structure 
ihn AG see seks, oY ge ee as through an abnormal mechanical process. Examples 
Occlusal Wear: Loss of substance on opposing occluding include gingival and dental abrasions due to incorrect 
units or surfaces due to attrition or abrasion. (Glossary of brushing.(Glossary of Periodontal terms, 2001) 


Periodontal Te , 2001). 
eet enter ) ¢ Abrasion: is the loss of tooth substance induced 


Tooth wear is a multifactorial process and often involves by mechanical wear other than mastication. It results 
more than one mechanism. in saucer-shaped or wedge-shaped indentations with 
¢ Attrition: The physiologic wearing away of a smooth, shiny surface. Improper tooth brushing 
substance or structure, such as the teeth. (Glossary technique, abrasive dentifrice, and the action of clasps 
of Periodontal terms,2001) Attrition: is occlusal wear are the common causes. 
resulting from friction caused by physiologic forces. ¢ Facet: A flattened or worn spot on the surface of 
It can be identified with wear facets. Wear facets are a hard body, as on a bone or a tooth. (Glossary of 
flattened shiny/ highly polished surface with well- Periodontal terms,2001) 


defined borders. 
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Fig. 37.1 Abrasion defect 


@ Erosion (cuneiform defect) is the superficial loss of 


dental hard tissue caused by chemical or mechanic- 
chemical process. 


Dental erosion is defined as “loss of dental hard 
tissue by a chemical process that does not involve 
the influence of bacteria” (Pindborg, 1970) 


EROSION: An apparent chemical dissolution of 
enamel and dentin, unrelated to caries, causing a 
cavity that has a hard, smooth base. (Glossary of 
Periodontal terms, 2001) 


a. The etiology of erosion may be either due to 
extrinsic or intrinsic factors. 


¢ The extrinsic factors include: 


— Occupational related erosion eg: Industries 
where the environment has acidic mist, in 
wine tasters. 


— Consumption of acidic drinks. Especially 
with retaining drinking technique. 


¢ The intrinsic factors include: 
— Gastroesophageal reflux disease (GERD). 
— Vomiting and regurgitation. 


b. Pathogenesis: It occurs as a result of acidic 
attacks during simultaneous unsaturation of both 
hydroxyl- and fluorapatite in saliva, causing loss of 
dental hard tissue, layer by layer 
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c. It is sharply defined wedge-shaped depression of 
varying shapes at the facial CE] of the teeth. 


d. The surface can appear either matt or blank. 


e. The long axis of the eroded area is perpendicular 
to the vertical axis of the tooth. 


f. It generally affects a group of teeth. 


@ ABFRACTION: Hypothetical tooth surface abrasion 
in conjunction with occlusal forces; data supporting 
this term as a discrete clinical entity are not yet 
available. (Glossary of Periodontal terms, 2001) 


@ Noncarious Cervical Lesions:A non-carious cervical 
lesion (NCCL) is a non-caries related loss of tooth 
structure at the cementoenamel junction. (Aw T Cet 
al.) 


+ Etiology: 
e The most important etiologic factor is 
erosion. 


e However, the etiology is multifactorial. 
<> Three types can be easily observed: 


e A shallow cervical lesion-It is the most 
common NCCL. 


e A grooved cervical lesion. 

e A wedge-shaped cervical lesion. 
@ It is most prevalent with old age. 
@ They have been called abfractions. 


¢ Abfraction: Tooth substance loss in the cervical 
area caused by flexure and fatigue resulting from 
occlusal load. Lee and Eakle proposed the abfraction 
theory based on biomechanical theory. Tensile 
stress concentration leading to microfracture and 
subsequent “melting away” under acidic challenge at 
the cervical area of tooth in occlusion is stated to 
the cause of Abfractions. However, the theory fails to 
address the occurrence of such lesions in tooth not 
in occlusion. 
Dental stains — Any change in color, hue, and chroma of 
teeth should be noted. The presence of coloured deposits 
should be examined, and their cause should be identified. 
Hypersensitivity — It is the pain arising from exposed 
dentine typically in response to thermal, chemical, tactile 
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or osmotic stimuli. The patient can sometimes point 
the offending areas, and it can be located by gentle 
exploration with a probe or cold air. 


Occlusion: It is the contact between the upper and lower 
teeth. 


Occlusion: Any contact of opposing teeth. (Glossary of 
Periodontal Terms, 2001) 


Proximal contact relationship: 


Food impaction can be seen in slightly open contacts. The 
tightness of contacts should be examined clinically and with 
a dental floss. 


Abnormal contacts can initiate occlusal disturbances like 
shift in midline, labial displacement of canines, and buccal or 
lingual displacement of posterior teeth and uneven contact 
of marginal ridges. 


Dentition with jaws closed — Assessment of overbite, 
openbite and crossbite. 


Functional Occlusal relationships -— Though 
dentition may appear normal on occlusion, it may 
present marked abnormalities during function. 


Trauma From Occlusion: 


Occlusal Traumatism: Functional loading of teeth, 
usually off-axis, that is of sufficient magnitude to induce 
changes to the teeth (e.g., fractures, wear) or supporting 
structures. Changes may be temporary or permanent. 
(Glossary of Periodontal Terms, 2001). 


Fremitus test: 


Fremitus: A palpable or visible movement of a tooth 
when subjected to occlusal forces. (Glossary of Periodontal 
Terms, 2001) 


It is the vibration of root surfaces as the patient taps” his or 
her teeth together. It is the functional mobility. It indicates 
traumatic occlusion and not trauma from occlusion. It is 
the displacement of the teeth under patient's own occlusal 
force. 


Procedure: 


¢ Positing the patient: The patient is seated upright 
with his head stabilized on a head rest. He should be 
relaxed. 
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@ Placement of the finger: Ungloved wet indexed finger 
is placed at the cervical area of each tooth, half of 
the finger being on the tooth while the other half is 
on the gingiva. The finger is placed on the buccal and 
labial surface of the tooth. The vibrations are felt on 
the finger. 


@ The patient is asked to tap the teeth in centric 
occlusion (maximum _ intercuspation) repeatedly, 
grind in lateral, protrusive and _ lateral-protrusive 
movements. 


@ Fremitus is only determined in the maxillary arch. 
It can be noticed on the mandibular arch when the 
patient has edge to edge occlusion. 


@ Grading can be assessed as, 
<> Class |: Mild vibrations detected. 


<> Class Il: Clearly palpable vibrations, no visible 
movement. 


<> Class Ill: Clinically visible vibrations. 


Plunger cusps are cups whose tip occludes in an embrasure. 
Such cusps tend to force food forcibly into interproximal 
embrasures. 


Sensitivity to percussion: 


lt refers to acute inflammation of the periodontal ligament. 
Gentle percussion along the long axis at different angles 
will help in localizing the site of inflammatory involvement. 


Gingival Status: 


Read the chapters on gingiva and clinical features of gingivitis. 
The four common signs of gingival inflammation colour 
change, oedema, bleeding on probing and gingival crevicular 
fluid/exudate should be checked for while examining the 
gingival status. 


Colour: 


Normal colour of the gingiva: coral pink or pale pink. It is 
due to 


@ Vascular supply. 
@ Thickness of epithelium. 
@ Degree of keratinization of epithelium. 


@ It may be pigmented due to the presence of pigment- 
containing cells. 
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Chronic inflammation: 


@ Bluish red: This is caused by vascular proliferation 
and reduction of keratinization owing to epithelial 
compression by inflamed tissue. 


@ Venous stasis will add bluish hue. 
Acute inflammation: 


@ The color change may be marginal, diffuse or patch- 
like. 


@ In ANUG, the involvement is marginal. 
@ In herpetic gingivostomatitis, it is diffuse. 


@ In acute reaction to chemical irritation, it is patch-like 
or diffuse. 
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@ Initially, the color change is bright red erythema. 


@ In severe acute inflammation, red color changes 
to shiny slate gray, which gradually becomes a dull 
whitish gray. 


@ The gray discoloration 
necrosis. 


is produced by tissue 


Consistency: 


Normal: Firm and Resilient, with exception of free gingiva. 
It is tightly bound to the underlying bone. 


@ Due to the collagenous nature of lamina propria 
and its contiguity with the mucoperiosteum alveolar 
bone. Gingival fibers contribute to the firmness of 
gingival margin. 


Clinical and Histopathologic Changes In Gingival Consistency 


Table 37.1: Chronic Gingivitis 


Clinical Changes Microscopic Changes 


Spongy puffiness-pits on pressure 


¢ Inflammatory exudate. 


¢ Infiltration by fluid and cells. 


Marked softness and friability. The gingiva readily : 
fragments on exploration with probe and shows 
pinpoint surface area of redness and desquamation. 


Degeneration of connective tissue and epithelium associated 
with injurious substance that provoke the inflammation and 
inflammatory exudate. 


¢ Change in connective tissue-epithelium relationship, with the 
inflamed. 

¢ Engorged connective tissue expanding to within a few 
epithelial cells of surface. 

¢ Thinning of epithelium and degeneration associated with 
edema and leukocytic invasion, separated by areas in which 
rete pegs are elongated to connective tissue. 


Firm and leathery, consistency . 


Fibrosis and epithelial proliferation. 


¢ It is associated with longstanding chronic inflammation. 


Table 37.2: Acute Gingivitis 


Diffuse puffiness and softening 


¢ Diffuse edema of acute inflammatory origin. 


¢ Fatty infiltration in xanthomatosis. 


Sloughing with grayish flake-like particles of debris 
adhering to eroded surface 


¢ Necrosis, with formation of a pseudomembrane composed 
of bacteria, PMNs and degenerated epithelial cells in a fibrin- 


ous meshwork. 


Vesicle formation 


Inter- and intracellular edema with degeneration of 


nucleolus,cytoplasm and rupture of cell wall 
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Contour: 


Normal:Varies and depends on the shape of the teeth and 
their alignment in the arch, location, and size of area of 
proximal contacts, dimension of facial and lingual gingival 
embrasures. 


@ Marginal gingiva envelops the teeth in collar-like 
fashion and follows a scalloped outline on facial and 
lingual surfaces. 


Stillman’s Cleft: An epithelial downgrowth leading to 
a splitting of the gingiva.(Glossary of Periodontal terms, 
2001) 


@ These are apostrophe-shaped indentations extending 
from & into the gingival margin for varying distances. 


@ The cleft generally occurs on the facial surface. 


@ One or two may be present in relation to a single 
tooth. 


@ Initially described by Stillman and considered to be 
the result of occlusal trauma. The association to 
trauma has not been substantiated. 


@ The clefts were subsequently described by Box as 
pathologic pockets in which the ulcerative process 
had extended to the facial surface of the gingiva. 


@ Classified as: 


<> Simple clefts: cleavage occurs in a single direction 
(most common type) 


<> Compound clefts: cleavage occurs in more than 
one direction. 


McCall’s festoons: These are life preserver-shaped 
enlarge-ment of the marginal gingiva that occurs most 
frequently in the canine and premolar areas on the facial 
surfaces.It leads to food accumulation. These semilunar 
enlargements were named after John Oppie McCall. 
Gingival Festoons: The contours of the gingiva and oral 
mucosa over the roots of the teeth that tend to follow the 
cervical lines. These are prominent in the presence of a thin 
alveolar process. (Glossary of periodontal terms,2001) 
Surface Texture: 
Normal: stippled (orange peel). Stippling is best viewed by 
drying the gingiva. 
@ The attached gingiva is stippled and marginal gingiva 
is not. The central portion of interdental gingiva is 
stippled, but marginal borders are smooth. 
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¢ Due to alternate rounded protuberances and 
depressions in the gingival surface. 


¢ The papillary layer of connective tissue projects into 
the elevations and both elevated and depressed areas 
are covered by stratified squamous epithelium. 


@ Stippling varies with age. It is absent in infancy, appears 
in children at about five years of age, increases until 
adulthood, and frequently begins to disappear in old 
age. 

Changes in surface texture: 
@ Loss of stippling is an early sign of gingivitis. 


@ In chronic inflammation of exudative nature, the 
surface is smooth and shiny. 


@ In chronic inflammation of fibrotic nature, the surface 
texture is firm and nodular. 


Bleeding on probing: 
lt refers to the bleeding noted from the soft tissue wall of 


a periodontal pocket, especially when the pocket wall is 
ulcerated. 


It is an objective sign. The probe is carefully introduced to 
the bottom of the pocket and gently moved laterally along 
the pocket wall (running of probe). The clinician should 
recheck for bleeding 30 — 60 seconds after probing. 


@ In gingival inflammation, following histopathologic 
alterations result in abnormal gingival bleeding: 


<> Dilation and engorgement of the capillaries and 
thinning or ulceration of the sulcular epithelium 


@ Because the capillaries are engorged and closer to 
the surface, and the thinned, degenerated epithelium 
is less protective, stimuli that are ordinarily innocuous 
cause rupture of the capillaries and gingival bleeding. 


Exudation/ Suppuration: 


PUS: A product of inflammation consisting of leukocytes, 
degenerated tissue elements, tissue fluids, and microorgan- 
isms. (Glossary of periodontal terms, 2001) 


Pus can be easily identified as pale yellow coloured material 
oozing from the orifice of the pocket. Digital pressure is 
used to determine whether pus is present in a periodontal 
pocket. The ball of the index finger is placed along the lat- 
eral aspect of the marginal gingiva and pressure is applied 
in a rolling motion towards the crown. 
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Periodontal status: 


Periodontal pockets, attachment loss, bone loss and 
subgingival inflammation are the clinical signs of 
periodontitis. The periodontal pocket and _ subgingival 
inflammation are indicators of actual periodontal infection. 
Loss of attachment and bone loss are symptoms of previous 
periodontal destruction. 


Assessment of these parameters at the same site in different 
points of time can give a clue about disease progression or 
effect of treatment. 


Pocket Depth: Pocket is a pathologically deepened 
gingival sulcus. (Glossary of Periodontal Terms, 2001) 


It is a clinical diagnostic test to assess the corono-apical 
extension or the depths of the periodontal pocket 
respectively. 


The depth of the pocket is of two types: 


|. Biologic depth/histologic depth: it is the distance 
between the gingival margin and the base of the 
pocket (the coronal end of the junctional epithelium). 
This can be measured in carefully prepared and well 
oriented histologic sections. 


2. Clinical/Probing depth is the distance from the 
gingival margin to the base of the probable crevice/ 
pocket. When the sulcus depth is more than 3mm, 
it is called a pocket. Probing depth is measured in 
millimetres using graduated probes. 


Probing Depth: The distance from the soft tissue (gingiva 
or alveolar mucosa) margin to the tip of the periodontal 
probe during usual periodontal diagnostic probing. 
The health of the attachment apparatus can affect the 
measurement.(Glossary of Periodontal terms, 2001) 


Probing technique: 


Periodontal probe is a slender, calibrated instrument 
designed and used for measuring the depth and topography 
of gingival and periodontal pockets. 


Some of the periodontal probes routinely used are 


@ Williams probe: the markings are 1,2,3,5,7,8,9 
and!Omm. 


@ UNC-1I5: The markings are from | to I5 each at 
millimetre distance. 
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Community periodontal index of treatment needs 
(CPITN) probe: 


a. CPITN- E (epidemiological): 0.5, 3.5, 5.5. 
b. CPITN-C (clinical):0.5, 3.5, 5.5, 8.5, 11.5 


Nabers probe: It is curved and used in examining 
pathological furcation involvement. 


Probing depth is recorded along six points around 
each tooth: distofacial, facial, mesiofacial, distolingual, 
lingual and mesiolingual. 


The probing measurements are always rounded 
upwards to the next highest millimetre. 


The calibrated probe is inserted parallel to the 
vertical axis of the tooth, and walked/stepped 
circumferentially to determine the deepest point of 
the penetration. 


Periodontal probing should be done gently with forces 
of upto 30grams or 0.2-0.3N in apical direction. The tip 
of the probe remains within the junctional epithelium, 
and 50 grams are necessary to diagnose osseous 
defects. The ideal probing force is 20 pounds. 


The probing pocket depth is read out in relation 
to the gingival margin using the markings on the 
periodontal probe. 


<> Under healthy conditions, periodontal probe 
penetrates less far apically between tooth surface 
and gingiva. The probe generally stops coronal to 
the apical extent of Junctional epithelium which is 
at the CE}. 


<> In cases of inflammation, the probe has less 
resistance to penetration, and it passes apical to 
the level of connective tissue attachment when 
used with the same probing force. 


<> Incases after treatment,the connective tissue heals, 
and inflammation subsides. This shows a reduced 
pocket depth and gain in clinical attachment. 


Thus, probing depth can be overestimated in inflamed 
sites and underestimated in healthy sites. 


Under ideal probing force, the tip of the probe can 
injure the vessels of subepithelial plexus and the 
fragile pocket epithelium. This leads to bleeding 
into the pocket and at the gingival margin for at 
least 30 seconds after probing. It is a diagnostic 
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test for existence of sub-epithelial and periodontal 
inflammation. 


<> If forces are used more than 0.25N(equivalent to 
approximately 20-25 g), there is a high risk for 
false-positive result in bleeding on probing. 


<> If the probing force is too low, it can give a false- 
negative result. 


@ It is difficult to assess this amount of force clinically. 
Hence it has been described alternatively as the 
pressure required to blanch the tissues when the 
probe point is placed under the thumbnail, or, as the 
pressure required to depress the skin on the pad of 
the thumb by about | mm. 


Loss Of Attachment/ Clinical Attachment Level 
(CAL) is the distance from the cementoenamel junction 
(or a fixed point on the tooth) to the base of the probeable 
crevice. 


It is the true clinical measure of amount of destruction. 
When recorded at different times it helps in determining 
the progression of periodontitis. It helps in determining 
whether periodontitis or gingivitis is present at a particular 
site. 


lt is measured in a vertical direction with reference to 
a fixed point on the tooth, usually the CEJ. Restoration 
margins are relative in nature and may vary with disease 
or treatment. It is more often used in research than in 
daily clinical practice, as it does not give any indication of 
current disease activity. 


@ In health, the apical end of junctional epithelium is on 
the CE] and hence, there should be no CAL. 


@ In case of gingival recession: 
<> Loss of attachment =Probing depth + recession. 


@ When the gingival margin 
CAL=Probeable pocket depth-the distance between 
the gingival margin and the cementoenamel junction 
(PD — [FGM-CE}]). 


@ When the gingival margin is at the cementoenamel 
junction or slightly coronal: CAL=Probing depth 


Tooth Mobility: The movement of a tooth in its socket 
resulting from an applied force. (Glossary of Periodontal 
Terms, 2001) 


fay 
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Tooth mobility —Any degree of perceptible movement of a 
tooth buccolingually, mesiodistally, or axially when a force 
is applied to it, and the tooth returns to its original position 
once the pressure is removed (Perlitsh 1980). 


Tooth Mobility is the tooth displacement created by 
examiners force, while Fremitus is tooth displacement 
on occlusion. All teeth have a slight degree of physiologic 
mobility, which varies for different teeth and at various 
times of the day. 


Assessment of tooth mobility: 


It is assessed by using the blunt ends of handles of two single- 
ended dental instruments or with one metallic instrument 
and one finger to hold the teeth firmly. The effort is made 
to move it in all directions. Usually, the mobility occurs in 
facio-lingual direction. 


Nowadays electronic devices are available which measure 
mobility objectively like Periotest, Perio Temp, Florida Probe, 
Toronto probe, Alabama probe, and Interprobe. 


SC Miller graded mobility into 


@ Grade |: A first distinguishable sign of movement 
greater than normal . Tooth mobility in excess of 
physiological mobility (“physiological mobility” is 
usually considered to be < 0.2 mm in a horizontal 
direction), but less than | mm in a _ horizontal 
direction 


@ Grade Il: horizontal mobility > | mm 


@ Grade Ill: 
direction 


mobility of the crown in a vertical 


It is the most commonly used scoring systems in use for 
tooth mobility. 


Furcation Involvement: it is the invasion of the 
bifurcation or trifurcation of multirooted teeth by 
periodontal disease. It is detected by Naber’s probe. (Refer 
Furcation involvement). 

Pathological Tooth Migration: Tooth displacement that 
results when the balance among the factors that maintain 
the physiologic tooth position is disturbed by periodontal 
diseases. 

RECESSION: 

Classification of recession: 


Class I: Marginal tissue recession that does not extend to 
the mucogingival junction. There is no loss of interdental 
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bone or soft tissue, and 100% root coverage can be antici- 
pated 


Class II: Marginal tissue recession that extends to or 
beyond the mucogingival junction. There is no loss of 
interdental bone or soft tissue, and 100% root coverage 
can be anticipated 


Class III: Marginal tissue recession that extends to or 
beyond the mucogingival junction. Interdental bone or 
soft tissue loss is present, or there is malpositioning of 


Tab 37.3: Periodontal disease classification. 


Gingival diseases ¢ Plaque associated 
¢ Non-plaque-induced 
Chronic periodontitis ¢ Localized 

¢ Generalized 
Periodontitis as a manifestation ° 


of systemic disease : 
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the teeth, which prevents the attempting of 100% root 
coverage. Partial root coverage can be anticipated 


Class IV: Marginal tissue recession that extends to or 
beyond the mucogingival junction. The interdental bone or 
soft tissue loss with or without malpositioning of teeth is 
so severe that root coverage cannot be anticipated 


Diagnosis 


It is the determination of the disease by examination of the 


patient. Refer to the classification of periodontal diseases 
and conditions. 


Associated with hematologic disorders 
Associated with genetic disorders 


¢ Not otherwise specified 


Acute periodontal conditions ° 


Necrotizing periodontal diseases 


— Necrotizing ulcerative gingivitis 
— Necrotizing ulcerative periodontitis 
¢ Abscesses of periodontal origin 


— Gingival abscess 


— Acute periodontal abscess 


— Pericoronal abscess 


— Tooth fracture leading to acute abscess 


¢ Gingival ulcerations 


— Viral infections like Herpes, Varicella, Infectious mononucleosis 

— Bacterial infections like streptococcal gingivitis, gonococcal gingivitis 
— Muco-cutaneous conditions - Desquamative gingivitis 

— Traumatic conditions 


Periodontitis associated with ° 
endodontic lesions 

Developmental or Acquired : 
deformities and conditions 


Combined periodontic-endodontic lesions 


Localized tooth-related factors that modify or predispose muco-gingival defor- 
mities and conditions around teeth 


— Tooth anatomic factors 


— Dental restorations 


— Dental appliances 
— Root fractures 


— Cervical root resorption 


— Cemental tears 
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¢ Mucogingival deformities and conditions on edentulous ridges 
— Gingival or soft tissue recession 
— Lack of keratinized gingiva 
— Decreased depth of vestibule 
— Aberrant frenum/ muscle position 


¢ Occlusal trauma 
— Primary 
— Secondary 

¢ Gingival excess 
— Pseudo-pocket 


— Inconsistent gingival margins 


— Excessive gingival display 
— Gingival enlargement 
— Abnormal color 


Basic components for periodontal diagnosis: o 


Diagnostic procedures must be systematic and organized 
to provide a meaningful explanation of the patient's 
periodontal problem. 


@ What periodontal disease or condition does the 
patient have? 


The first component needs complete understanding 
of all the information collected during history taking 
and clinical examination. 


Sometimes, it is difficult to come to a conclusion 
after initial examination. It may require additional 
investigations like biochemical tests, biopsy, and 
others to form a definitive diagnosis. 


In such times of uncertainty, clinicians use a working 
diagnosis to guide the process of gathering information. 
Some patients may have more than one disease or 
condition simultaneously affecting the periodontium. 


@ How severe is the problem? 


Severity is usually described in 3 tiers — slight/initial/ 
mild, moderate and advanced/severe. 


For gingivitis, it is again based on intensity of gingival 


Is the disease or condition localized or generalized? 


The disease can be called localized if upto 30% of 
the teeth are affected. It is called generalized, if >30% 
of teeth are involved. The clinicians should combine 
all the clinical findings in summary by assigning a 
diagnosis to the patient. 


Traditional diagnostic tools include probing pocket 
depth (horizontal and vertical dimension).Gingival 
changes include colour, contour, texture, alterations 
and bleeding on probing, clinical attachment levels, 
plaque index and radiographic assessment of bone 
levels. Tooth mobility, migration, and furcation 
involvement should be assessed. 


Periodontal charting (Full-mouth plaque score, 
full-mouth bleeding score, probing depth, probing 
depth, clinical attachment level, bleeding on probing, 
recession, mobility, migration, and halitosis) can give a 
complete picture of periodontal conditions. 


For example, a middle-aged patient with slight 
gingivitis around most teeth, CAL of 6mm on mesial 
surfaces of three right mandibular molars and 8mm 
pockets can be given any of the following diagnosis, 


inflammation like degree of redness, swelling and Focus on one disease: (periodontitis) 


bleeding. It can be mild, moderate and severe. 


4 
For periodontal disease, |-2mm of attachment loss is ; 
considered slight, 3-4mm CAL is moderate and 5mm CAL 
is severe. 

4 


Patient - Localized severe chronic periodontitis 


Quadrant - Severe chronic periodontitis localized to 
mandibular right quadrant 


Teeth - Severe chronic periodontitis localized to 46, 
47,48 
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@ Single surfaces of affected teeth — Severe chronic 
periodontitis on mesial surfaces of 46, 47, 48. 


Focus on both diseases and 
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(gingivitis 


@ Patient — generalized mild gingivitis with localized 
severe chronic periodontitis 


@ Patient and quadrant — Generalized slight gingivitis 
with severe chronic periodontitis localized to 
mandibular right quadrant 


@ Patient and single teeth - Generalized slight gingivitis 
with severe chronic periodontitis localized to 46, 47, 
48 


@ Patient and single surfaces of affected teeth - 
Generalized slight gingivitis with severe chronic 


periodontitis localized to mesial surfaces of 46, 47, 
48 


Five diagnostic levels to identify and assess the risk 


for periodontal disease (as proposed by Cafiero & 
Matarasso) 





¢ First diagnostic level - 
chromatographs, CBCT 


Lab-on-a-chip, gas 


¢ Second diagnostic level - genetic susceptibility 
¢ Third diagnostic level - bacterial infection 
¢ Fourth diagnostic level - host response factors 


¢ Fifth diagnostic level - tissue breakdown-derived 
products. 


Fig 37.2: Diagnostic levels in periodontics 
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Investigations: 


Radiography: 


Radiographic interpretation gives valuable information 
about the level of the alveolar crest, interdental bone, lamina 
dura, furcation areas, and width of the periodontal ligament 
space, dental restorations, caries, shape and dimension of 
the roots as well as nearby anatomic structures.It can be 
used to assess 


@ Degree of bone loss. 
<> Mild, moderate or severe 
@ Distribution of bone loss. 
<> Localized or generalized. 
@ Pattern of bone loss 
<> vertical, horizontal or both. 
@ Root morphology and pathology. 
<> Furcation defects. 
<> Root morphology. 
<> Crown:root ratio. 


<> Peri-apical pathology to rule out perio-endo 
lesions. 


@ Restorations. 


<> Overhanging margins, deficient margins 
recurrent caries. 


or 


A break in continuity of lamina dura and a wedge-shaped 
radiolucent area at the mesial or distal aspect of the 
periodontal ligament space are one of the earliest signs of 
periodontal disease. 


The full-mouth radiographic survey includes minimum of 
|4 periapical films and 4 bitewing films. 


@ Intraoral periapical radiographs are the first choice 
to see the crown to root ratio, periodontal ligament 
Space,and periapical areas. 


@ Bitewing radiographs are the first choice in detecting 
discrepancies of alveolar crest and to measure its 
height. 


@ Occlusal and cephalometric radiography have limited 
implications in periodontal disease assessment. 
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Table 37.4: Various types of radiographs used in periodontics and their indications. 


Clinical findings Recommended radiographs 


Irregular pockets Bitewing 


¢ Pocket <S5mm Horizontal bitewing 
¢ Overhanging restorations 
¢ Interproximal caries. 


¢ Pocket >5mm Vertical bitewing 
¢ Moderate to severe periodontitis 
¢ Associated problems with multiple teeth. Panoramic radiograph 


¢ Overall visualization of all teeth on one film. 


¢ Severe Periodontitis. Periapical radiograph 

¢ When vertical bony defects are suspected. 

¢ Perio-Endo lesion, if suspected. 

¢ To understand root morphology, root shape and size 

¢ Furcation involvement. 

¢ Clear visualization of vertical bony defects. Cone beam computed tomography 
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Fig.37.3 The full-mouth radiographic survey 
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The disadvantages of radiography include 


@ Risk of cumulative effect of low-dose radiation 


overtime. 


@ Do not give information about disease activity or 
progression. 


@ Inability to detect earliest stage of periodontal 
disease. 


@ Underestimate the amount of attachment loss and 
clinical changes precede radiographic changes. 


@ Expense 


Most commonly, osseous defects are detected on 
conventional periapical and _  bite-wing radiographs. 
Papapanou and Wennstrom note that a_ radiographic 
examination usually allows distinguishing the pattern of 
bone loss in addition to the extent (localized or generalized) 
and severity (mild, moderate, or advanced). The pattern 
of bone loss is generally described as either horizontal 
(i.e., even) or angular (i.e., infrabony or vertical), both of 
which may present on different teeth in the same patient. 
In the absence of periodontal therapy, sites with angular 
bony defects present a significantly higher risk of additional 
bone and tooth loss when compared to horizontal bone 
defects. 


Limitations of conventional radiographs: 


@ Inability to detect earliest stage of periodontal disease. 
30-50% of tissue destruction must occur before its 
radiographic detection becomes possible. 


@ Superimposition of three-dimensional structures 
including alveolar bone, teeth, and soft tissue on two- 
dimensional image-the radiographs. The presence of 
superimposed structures may mask even advanced 
lesions. 


Other radiographic techniques to know the stage of 
periodontal disease include: 


@ Single and/or dual photon absorptiometry 


@ Radio-pharmaceutical uptake for analysis of bone 
metabolism at interdental sites 


@ Computerized digitized subtraction radiography 


@ Computer-assisted densitometric image analysis 
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Subtraction Radiography: 


It is a longitudinal assessment of changes in bone density. 
Two similar radiographs are exposed at two different times. 
The image of first film is subtracted from the second film. 
The differences reflect gain or loss in bone. 


lt can detect bone density changes as low as 5%. Sequentially 
taken conventional radiographs reveal bone changes only 
after 30-50% of the bone has been resorbed. 


This technique is generally not used in clinical practice. 
Orthopantomogram (OPG): 


Panoramic radiography is the easy available option for 
comprehensive view. It can be used to assess the alveolar 
bone height. 


However, it cannot be used to evaluate bone quality and 
mineralization. There is lack of high magnification and 
cortical details. 


Cone Beam Computed Tomography (CBCT): 


lt produces a cone beam of radiation than a fan beam, as 
with conventional CT. The patient is in a seated or standing 
position than in a supine state as in conventional CT scans. 
Its radiation dose is lower than multi-slice CT. It enables 
visualization of defects in 3D. Buccal and lingual defects 
could be identified which is not possible in conventional 
radiographs. 


It is widely used as a diagnostic tool used in dento-alveolar 
surgeries, implantology, and periodontics. It has sufficient 
accuracy for use in pre-implant assessments with error is 
less than 0.5mm. 


It permits 3D visualization of the dental hard tissues, 
helps to evaluate infrabony defects and assess treatment 
outcomes. It can be used to diagnose furcations, craters, 
and bony defects. Additional research is needed to study 
the feasibility of CBCT in periodontal assessment. 
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Clinical reviews: 


@ Noujeim et al. reported that CBCT was more 
accurate in detecting the defects than conventional 
radiograph. Other studies confirm that oro-vestibular 
orientation using CBCT showed high precision. 


@ Stavropoulos and Wenzel reported better sensitivity 
of CBCT than intraoral radiographs. 


@ Leung et al.reported that CBCT measurements were 
not as accurate as direct skull measurements. 


@ Vendenberghe etal reported thatintraoral radiography 
was better for contrast, bone quality and delineation 
of lamina dura while CBCT was superior in assessing 
crater defects and furcation involvements. 


@ Mol and Balasundaram reported that CBCT provided 
slightly better diagnostic and quantitative information 
on periodontal bone levels. 


@ Kim and Bassirin a recent review found that the 
utilization of CBCT for diagnosis of intrabony and 
furcation defects is supported by limited evidence. 
They concluded that in selective cases, however, 
limited field of view CBCT may be useful for 
periodontal disease diagnoses due to less radiation 
dosage to the patient, higher spatial resolution, and 
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shorter volumes to be interpreted. 
Computed tomography: 


It gives axial images of a patient’s anatomy. It is inherently 
three-dimensional. It can be used for surgical planning, 
implant design, and bony augmentation. It is used for 3D 
treatment planning; evaluate the patient’s anatomy relative 
to proposed implant sites, aesthetics, and occlusion. 


It can help in disease identification, determination of bone 
quantity and quality, identification of critical structures and 
determination of implant placement. 


Magnetic Resonance Imaging (MRI): 


It is a powerful imaging tool in medicine. It can be used as a 
secondary imaging technique when other primary imaging 
is not useful. Most studies in MRI have focused on locating 
the inferior dental canal. 


Nutritional status: 


Medical evaluation should be done if there is a suspicion 
of nutritional deficiency. The patients with special diets for 
medical reasons, 


@ Some patients could be under low-residue, non- 
detergent diets often develop gingivitis. 
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@ Some can be on salt-free diets they should not be 
given saline mouthwashes or treated with saline 
preparations. 


@ Particular care should be given to patients with 
diabetes, gall bladder disease, and hypertension to 
avoid contra-indicated foodstuff 


Blood tests: 


@ Analysis of blood smears, blood cell counts, differential 
count of white blood cells and ESR should be done to 
evaluate blood dyscrasias and systemic infections. 


@ Coagulation time, bleeding time, clot retraction time, 
prothrombin time, capillary fragility test, and bone 
marrow studies may be advised for certain patients. 





Fig.37.4 Steps for accurate periodontal diagnosis 
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Definitive diagnosis: It should be established before 
formulating a treatment plan.Accurate diagnosis is the first 
step towards planning and execution of an individualized 
treatment plan. 


Prognosis: Refer prognosis. 
Treatment Plan: Refer treatment plan. 
Case Analysis: 


lt is a brief but simple sketch of the case. It should not be 
too long. However, it should give a gist of all the important 
points gathered in the case history along with diagnosis, 
and the proposed treatment. 


Establishing diagnosis in treated patients: 


It is important to evaluate the results after treatment of 
plaque-induced periodontal disease. It is performed at the 
end of active therapy and again during every recall visit of 
maintenance therapy. 


There can be changes in periodontal diagnosis with 
treatment. The diseased state can shift towards health but 
with a reduced periodontium. Recurrence of disease can 
be confirmed with the presence of bleeding on probing, 
increased probing depth and higher CAL measurement. 


A minimum diagnostic threshold for defining periodontitis 
at a given site in terms of CAL of 2mm and PPD of 3 mm. 


Challenges in diagnosis: 


The current diagnostic techniques cannot predict which 
periodontal sites or teeth or individuals are susceptible 
to periodontal breakdown. The traditional diagnostic 
methods aim to identify the etiologic factors, assess the 
clinical signs of inflammation and determine the degree of 
periodontal destruction that has occurred. However, these 
tools cannot identify whether active disease is present at a 
site. lt cannot differentiate between early recurrent disease 
and gingivitis on a stable periodontium among patients 
under maintenance therapy. 


Preshaw says, ‘our diagnostic tools are crude”. He further 
states “we do not (yet) have the luxury of accurate, precise 
and reproducible indicators of periodontal disease”. 


Medico-legal issues can be an issue, when there is a failure 
to diagnose and failure to refer. 
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The important parameters for any diagnostic test should 
be, 


@ Inter-individual reproducibility described to what 
extent the results of a test are influenced by the 
examiner. 


@ Intra individual reproducibility represents the safety 
with which a repeated measurement by the same 
examiner will provide identical results. 


@ Validity (Accuracy) describes how sufficiently a test 
or examination method represents the anatomical or 
pathological reality that is to be assessed. 


@ Specificity refers the aptitude to identify a person or 
a site truly as healthy. It is defined as the percentage 
of subjects/sites with truly absent disease, who give a 
negative test result. 


@ Sensitivity refers the aptitude of a diagnostic test 
to identify a person or a site truly as diseases. It is 
defined as the percentage or proportion of sites/ 
subjects with true disease who gave a positive result. 


@ Predictive value refers to the percentage of subjects/ 
sites whose disease or health status is correctly 
identified by that test. 


The ideal diagnostic test should be 
¢ Quantitative 


@ Highly sensitive method capable of analysing a single 
periodontal site in health as well as disease 


Reproducible 

Highly specific 

Simple to perform 

A rapid one or two-stage procedure 


Non-invasive 
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Versatile in terms of sample handling, storage and 
transport 


@ Amendable for chair-side use 

@ Economical 

@ Use simple and robust instrumentation 
The applications of diagnostic aids include, 


@ Determine whether periodontal disease is currently 
active (progressive loss of attachment) with greater 
accuracy than traditional clinical indicators 
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@ Risk assessment to identify patients and specific 
sites that are at higher risk for onset of periodontal 
disease 


@ Prognosis assessment to predict the course of disease 
with or without treatment. 


Periodontal Screening and Recording 
system(PSR): 


It has been developed by American Academy _ of 
Periodontology and American Dental Association. This 
method is easy to use for faster screening and record the 
periodontal status of the patient. 


lt uses a specially designed probe that has 0.5mm ball tip 
and color-coded from 3.5 — 5.5mm. The patient’s mouth is 
divided into six sextants (maxillary right, anterior and left; 
mandibular left, anterior and right). 


Each tooth is probed with the clinician walking the probe 
around the entire tooth to examine at least 6 points 
around each tooth; mesiofacial, midfacial, distofacial, and 
the corresponding lingual/palatal areas. The deepest finding 
in each sextant is recorded and the given codes are QO, I, 2, 
3,4 and * 


@ Code 0 - In the deepest sulcus of the sextant, the 
probe’s colored band remains completely visible. 
Gingival tissue is healthy and does not bleed on gentle 
probing. No calculus or defective margins are found. 
These patients require only appropriate preventive 
care. 


@ Code | - The colored band of the probe remains 
completely visible in the deepest sulcus of the sextant; 
no calculus or defective margins are found, but some 
bleeding after gentle probing is detected. Treatment 
for these patients consists of subgingival plaque 
removal and appropriate oral hygiene instructions. 


@ Code 2: The probe's colored band is still completely 
visible, but there is bleeding on probing, and 
supragingival or subgingival calculus and/or defective 
margins are found. Treatment should include plaque 
and calculus removal, correction of plaque-retentive 
margins of restorations, and oral hygiene instruction. 


@ Code 3:The colored band is partially submerged. This 
indicates the need for a comprehensive periodontal 
examination and charting of the affected sextant to 
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determine the necessary treatment plan. If two or 
more sextants score Code 3, a comprehensive full- 
mouth examination and charting is indicated. 


@ Code 4:The colored band completely disappears in 
the pocket, indicating a depth greater than 5.5 mm. 
In this case, a comprehensive full-mouth periodontal 
examination, charting, and treatment planning are 
needed. 


@ Code *: When any of the following abnormalities 
are seen, an asterisk (*) is entered, in addition to 
the code number: furcation involvement, tooth 
mobility, mucogingival problem, or gingival recession 
extending to the colored band of the probe (3.5 mm 
or greater). 


The code finding for each sextant and date is entered ona 
sticker, which is placed on the patient’s record. 


Basic Periodontal Examination (BPE): 


lt was first developed by British Society of Periodontology 
in 1986. The main changes in 2011 version are that * is 
included to denote only the presence of a furcation and 
both BPE code, and * should be recorded for each sextant 
where furcation involvement is found. 


@ The dentition is divided into 6 sextants: Upper right 
(17-14), Upper anterior (13-23), Upper left (24-27), 
Lower right (47-44), Lower anterior (43-33) and 
Lower left (34-37). All teeth in each sextant are 
examined except 3rd molars. 


@ For a sextant to qualify for recording, it must contain 
at least 2 teeth. If only | tooth is present in a sextant, 
the score for that tooth is included in the recording 
for adjoining sextant. 


@ AWHO BPE probe is used. It has a ball end of 0.5mm 
diameter and a black band from 3.5 to 5.5mm. Light 
probing force of 20-25 grams is used. 


@ The probe should be walked around the sulcus/pocket 
in each sextant, and the highest score is recorded. 


@ If a code4 is identified in a sextant, the examiner can 
move directly to the next sextant. 


@ Ifa code4 is not detected, all sites should be examined 
to ensure the recording of the highest score. 


Ay 


(Treatment consideration in Periodontology section - VI 
Table 37.5: Scoring codes: 

0 No pockets >3.5 mm, no calculus/overhangs, no bleeding after probing (black band completely visible) 

| No pockets >3.5 mm, no calculus/overhangs, but bleeding after probing (black band completely visible) 

2 No pockets >3.5 mm, but supra- or subgingival calculus/overhangs (black band completely visible) 

3 Probing depth 3.5-5.5 mm (black band partially visible, indicating pocket of 4-5 mm) 

4 Probing depth >5.5 mm (black band entirely within the pocket, indicating pocket of 6 mm or more) 


i Furcation involvement 
Interpretation of BPE scores: 
BPE scores should be considered together with other factors when deciding to refer the patient for further treatment. 
Table 37.6: 

0 No need for periodontal treatment 

| Oral hygiene instruction (OHI) 

2 OHI, removal of plaque retentive factors, including all supra- and subgingival calculus 

3 OHI, root surface debridement (RSD) 

4 OHI, RSD, Asses the need for more complex treatment, Referral to a specialist may be recommended 


co OHI, RSD, Asses the need for more complex treatment, Referral to a specialist may be recommended 


As a general rule, radiographs should be taken for all teeth 


¢ For patients who have undergone initial thera 
or sextants where BPE codes 3 or 4 are found. P & PY 


of periodontitis and who are now in maintenance, 


Implications of BPE: full probing depths throughout the entire dentition 
¢ All new patients should be recorded with BPE should be recorded at least annually. 
¢ For patients with codes 0, 1,2,BPE shouldbe recorded Management of patients after BPE: 
at least annually. ¢ Complexity | cases with BPE scores | — 3 may be 
¢ For patients with codes 3 or 4, more detailed treated in general practice. 
periodontal charting is required. ¢ Complexity 2 cases with BPE score of 4 in any sextant 
<> For code 3 — record full probing depths of 6 sites or surgery involving periodontal tissues can either be 
per tooth in the sextant where it was recorded referred or treated by general practice 
and add it to the BPE score of the sextant ¢ Complexity 3 cases with BPE scores of 4 in any 
<> For code 4 — record full probing depths of 6 sites sextant and along with any of the following factors — 
per tooth for the entire dentition. <> Patient under age of 35 years, 
¢ It cannot be used to assess response after periodontal <> Smoking 10+ cigarettes daily, 


therapy. To assess the response, probing depth should 
be recorded at 6 sites per tooth, pre- and post- 
treatment. 


<> Concurrent medical/oral factor affecting the 
periodontium, 


<> Root morphology affecting prognosis, 
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<> Rapid periodontal breakdown of >2mm 
attachment loss in any one year, 
<> Surgical procedures with implants, 
<> Surgical procedures for periodontal tissue 


augmentation or bone removal — regeneration or 
crown-lengthening surgery 


BPE for children and adolescents: 


lt is recommended by the British Society of Periodontology 
and British Society of Pediatric Dentistry for screening and 
management of children and adolescents under 1|8 years of 
age in the primary dental care setting. 


It assesses 6 index teeth (UR6, URI, UL6, LL6, LLI, LR6) 
using a simplified BPE probe to avoid the problem of false 
pockets (Ainamo et al., 1984). 


BPE codes 0-2 are used for 7-| |-year-olds(Mixed dentition 
stage) and full range of BPE codes are used in |2-|7-year- 
olds (Permanent teeth erupted). 


Simplified BPE codes under 1/8 years are 
@ 0 — Healthy 
Table 37.7: Comprehensive Periodontal assessment 


Periodontal Prob- 
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¢ | — bleeding after gentle probing 
@ 2-—calculus or plaque retention factor 
¢ 3—shallow pocket 4mm or 5 mm 
@ 4-— deep pocket 6mm or more 
¢ *- Furcation 


BPE 0-2: The BPE plus some measure of plaque will be 
sufficient 


BPE 3: Probing depths of the affected sextants before and 
after treatment should be recorded to assess response. 


BPE 4 and * — Probing depths of all the teeth should be 
recordedbefore treatment to guide therapy and to assess 
post-treatment response. 


Basic Periodontal examination(BPE) is used in UK and 
New Zealand while its American equivalent system 
Periodontal screening and recording (PSR) is used US and 
Canada. The advantage of employing screening tools such 
as Periodontal Screening and Recording system or basic 
periodontal examination are that with experience they can 
be carried out rapidly, in almost a few minutes time in a 
clinical setting. 


: . Checking for 

ing depth around Measuring Recording ie Assessment of Assessment 
oe ae ; Checking for _furcation involve- Assessment of ; 

six sites per tooth _ gingival bleeding on eaten Oe Reena Lee plaque retentive of tooth 

using a calibrated — recession. Probing. ae ae y factors. mobility. 


periodontal probe. 


Computer-aided Periodontal Disease Diagnosis: 


It is a complete system that has a digital color camera 
(M1050, JAI, Copenhagen,Denmark) fitted with a 
conventional plastic probe. It has voice capabilities with 


FRAME GRABBER (PX510) and a standard microphone. 


The system searches for 8-connected components with 
reference to the right markings. 


The system can choose the right image, when the clinician 
says OK. The plastic probe is light and easy to use.It takes 
digital color photographs instantly and also measures the 
probing depth. The user can modify some parameters and 
repeat the calculation. 


lt is reported to be user-friendly and helpful in planning 
treatment for periodontal disease. 
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Supplemental tests: 


Supplemental tests have been developed to _ identify 
patients or sites with progressive disease or at risk for 
disease progression, as conventional methods of probing 
and radiography cannot detect such entities. It can also be 
used to assess response to therapy and determine recall 
intervals. 


It includes microbial, biochemical and genetic tests. 
Howeverthey are not routinely used in clinical practice. 


Near Infrared (NIR) spectroscopy: 


It is a test that provides a measure of oxygen saturation in 
tissues. It can be used intraorally with a special probe. 


Liu et al. reported that tissue oxygenation was significantly 
decreased in sites of periodontitis than in sites with gingivitis 


(3) 
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or healthy controls. Tissue hypoxia shows increased 
oxygen consumption and persistent inflammation. This is 
consistent with the fact that periodontal pathogens are 
generally anaerobic. 


Optical coherence tomography (OCT): 


It creates high-resolution cross-sectional images using a 
focused light beam that is scanned across the tissues of 
interest. It can give 3D images of periodontal soft and hard 
tissues. 


Microbial testing: 


Microbial testing can be used to select the appropriate 
systemic antibiotic, assessment of therapeutic outcomes 
and risk assessment. The presence of bacteria in dental 
plaque could be detected by bacterial culture, immunologic 
assays, enzymatic assays and molecular techniques to 
identify bacterial DNA or RNA. 


@ Bacterial culture is the gold standard for growing 
bacteria in aerobic or anaerobic conditions on 
different media to identify and quantify the species. It 
can characterize the pathogens and determine their 
antibiotic susceptibility. Its limitations are that plaque 
sample should contain viable bacteria, and some 
putative pathogens are difficult to cultivate. 


@ Immunologic methods use antibodies against specific 
bacterial antigens. When antibody binds with the 
antigen, it can be visualized by direct or indirect 
immunofluorescent assays, flow cytometry or 
enzyme-linked immunosorbent assay (ELISA).It can be 
used to identify and quantify the bacteria. However, it 
can identify only those species with available specific 
antibodies. 


BANA periodontal test 


@ Perioscan is a diagnostic test that measures the activity 
of trypsin-like enzyme to identify the presence of oral 
bacteria. 


@ It utilizes a substrate — N-benzoyl-DL-arginine-2- 
naphthylamide (BANA) that is hydrolyzed by trypsin- 
like enzyme to release beta-NA.This isa chromophore 
that reacts with variety of dyes like Fast-Garnet GBC 
to produce colored products. 


@ This enzyme is secreted by periodontal pathogens 
like P. gingivalis, T. forsythia, A.actinomycetamcomitans 
and some Capnocytophaga strains. 
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@ It is easy to perform on chair-side and had similar 
sensitivity to other microbial tests. 


@ Subgingival plaque is collected and placed ona BANA- 
containing strip. 


@ It is folded to contact a second strip containing Fast- 
Black dye reagent. 


@ The folded card is placed inside an over for |5 minutes 
at 55°C. 


@ If there is any blue-black colour, it is positive for above 
species. 


@ It was widely used earlier and is not used currently 
as it cannot distinguish between individual bacteria 
and can detect pathogens only when present in high 
numbers and its usage was not validated in clinical 
trials. 


Evalusite 


@ It is a kit that uses a novel membrane-based 
ELISA to detect P. gingivalis, P intermedia, and 
A. acinomycetamcomitans. 


@ A sub-gingival sample is collected using paper points 
and added to a sample tube. 


@ The eluent is added to the kit, and a pink spot is 
produced, if the test organism is present. 


@ Disadvantages include 


Assumption that only these three organisms 
detected are causing the disease. 


Multiple stages in the test procedure 
Subjective colorimetric endpoint 

No permanent record of the results. 
Expensive. 


Little published data. 


$o$oooo ¢ 


Can analyse only two site-specific samples per 
test. 


@ Molecular biologic techniques use bacterial genome 
to identify specific bacteria. The DNA can be isolated 
and purified from plaque samples. 


<> This DNA can be identified by nucleic acid probes 
and polymerase chain reaction (PCR). Single 
Target PCR for periodontal pathogens, Multiplex 
PCR, and Real-time PCR. 
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<> Fluorescence in-situ hybridization (FISH) can be 
used to identify periodontal pathogens. 


<> Checkerboard hybridization can be used to 
Y 
process numerous plaque samples and used for 
research. 


<> Oligonucleotide micro-array technology can 
assess | 6S ribosomal RNA genes and identify even 
uncultivable bacteria. 


<> Genomic analysis using pyrosequencing to study 
DNA. 


e 454 pyrosequencing reads 400,000 DNAs 
that are each about 250 bases in length. 


e SOLID pyrosequencing uses ligase and 
universal oligonucleotides. 
e = |llumina/Solexa method utilizes fragmented 


DNA and specialized adaptors attached to a 
Slide rather than to a bead. 


<> Microdent Test is a commercially available method 
using multiplex PCR that tests for five oral species. 
lt can be used to compare microbial profiles of 
subgingival plaque samples in oral health and 
periodontitis. 


<> My PerioPath utilizes TaqMan PCR to assess 
[3 putative periodontal pathogens fromoral 
specimens. 


<> Omnigene uses a DNA probe system of known 
periodontopathogens. A paper point sample of 
subgingival plaque is placed on the container 
and mailed to the company for assay. Probes are 
available for A.actinomycetamcomitans, P. gingivalis, 
P. intermedia, F. nucleatum, C. rectus, T. denticola and 
E.corrodens. Reports are given in shortperiod of 
time. 


<> ParoCheck DNA chip targets 20 oral bacterial 
species in clinical samples. 


<> Phylo-chip can detect upto 32000 16S ribosomal 
RNA phylotypes. 
(Other modes of microbial analysis are explained 
in detail in chapter on Periodontal Microbiology) 


Papanou et al. proposed that bacterial content of a 
periodontal pocket is a determinant of gene expression in 
the gingival tissues and can potentially identify susceptible 
sites. 
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These microbial tests measure the periodontal pathogens 
and not necessarily the periodontal disease. Numerous 
bacteria may be present in periodontal pocket without 
actual disease. The mere presence of pathogenic bacteria 
could not be interpreted as disease, as they may be found 
even in healthy gingival sulci. 


These tests cannot be recommended on routine first 
visit investigation for all patients. It has to be reserved for 
specific clinical situations like determining antimicrobial 
therapy etc. 


Biochemical analysis: 


Researchers begin to analyse the serum to identify the 
host response in periodontal disease. Estimation of serum 
antibody levels to periodontal pathogens was the earliest 
investigation that revealed the humoral response. Serum 
markers of inflammatory response like IL-6, C-reactive 
protein are shown to be elevated in periodontal disease. 
These are not used as diagnostic tests for periodontitis. 


Most practical and least invasive approach is to analyse 
the biologic fluids derived from periodontal tissues or 
contain specific mediators that are present as a result of 
periodontal disease.Various biomarkers could be evaluated 
from saliva, serum, subgingival plaque, tissue biopsies and 
gingival crevicular fluid. 


Gingival crevicular fluid (GCF) analysis: 


It can be collected for estimation and used for diagnosis. 
Most studies use the insertion of GCF strip into the gingival 
sulcus or pocket for 30 seconds. It is easy to collect, non- 
invasive and gives a site-specific analysis. Its molecular 
analysis is difficult due to the small amount of fluid sample 


(1-5). 


Loos and Tjoa performed a critical review of 94 biomarkers 
in GCF and reported that only eight markers fulfilled any 
criteria for a biomarker status. 


@ Periotron (OralFlow Inc, NY, USA) uses an electronic 
meter to determine the amount of fluid collected 
and allows comparison of samples based on standard 
collection time. 


@ A wide variety of mediators have been studied in 
GCF including markers for presence or absence 
of periodontal pathogens, markers of gingival 
and periodontal inflammation, markers for host's 
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inflammatory-immune response to certain pathogens 
and markers for host tissue destruction. It ranges 
from 


<> Antibodies 
< Matrix metalloproteinases (MMPs) 


< Pro-inflammatory cytokines (IL-1, IL-6, IL-17, 
TNF) 


<> Molecules of inflammatory cascade (PGE2) 


<> Products of tissue metabolism (enzymes — LDH, 
AST) 


<> Factors in 
(Glutathione) 


<> Growth factors (TGF) 


<> Factors for bone remodelling and turnover 
(RANKL, OPG) 


@ GCF can be analysed by infrared spectroscopy. It 
helps to differentiate periodontal health and disease. 


response to oxidative stress 


@ MMP dipstick method helps in detection of MMPs. 
¢ Biolise estimates the level of elastase in GCF. 


@ Perio-Check has FDA approval in the US. It measures 
neutral protease activity within GCF which increases 
with development of gingivitis and in sites of 
established periodontitis. 


GCF sample strip is placed on a gel containing insoluble 
dye-labelled collagen fibrils and incubated. If proteases are 
present, the collagen complex is digested to release the 
dye-labelled fragments which diffuse back into the strip 
turning it blue. 


It is only qualitative and not specific for collagenase secreted 
by PMNs. It cannot sample interproximal sites due to risk 
of salivary contamination. 


@ Perio-2000 measures the levels of volatile sulphur 
compounds and display it digitally at each site. The 
probe tip is hydrated using a sterile wash solution 
and inserted subgingivally.After a positive reading, the 
tip is washed and re-inserted at other sites. 


@ Progno-Stik assesses the level of MMPs like elastase 
activity in GCF The GCF is collected on a filter 
paper strip impregnated with elastase substrate and 
fluorescent indicator. If elastase is present in GCF, 
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it cleaves the substrate in 4-6 minutes and releases 
the indicator, visible under fluorescent light. Elevated 
levels of elastase may indicate active disease sites. 


@ Perio Gardis based on detection of Aspartate 
aminotransferase (AST), which is released from 
within the cell upon its death. The presence of AST 
in GCF can be used for identifying early periodontal 
destruction. 


The test involves collection of GCF with the filter paper 
strip. It is then placed in tromethaminehydrochloride buffer. 
A substrate reactionmixture containing l-aspartic and 
o-keto-gluteric acid is added to the sample and allowed to 
react for ten minutes. In the presence of AST, the substrate 
is catalyzed to oxaloacetate and glutamate. The addition 
of a dye such as fast red results in a color product, the 
intensity of which is proportional to the AST activity in the 
GCF sample. 


Elevated total levels in 30-second sample are positively 
associated with disease-active sites than inactive sites. It has 
a tray with two test wells for each tooth. It involves multiple 
steps and has poor differentiation between colours. 


@ TOPAS detects toxins derived from anaerobic 
metabolism and measures GCF protein level. 


@ Pocket Watch is a simple method of analysing AST at 
the chair side. 


The principle is that, in the presence of pyridoxal phosphate, 
AST catalyzes the transfer of an amino group of cysteine 
sulfuric acid by a- keto-gluteric acid to yield f-sulfinyl 
pyruvate. Glutamate f-sulfinyl pyruvate spontaneously 
and rapidly decomposes and releases inorganic sulfite. The 
sulfite ion instantaneously reacts with malachite green 
(MG), simultaneously causing MG to convert from a green 
dye to its colorless form, thereby allowing the pink—colored 
rhodamine B dye to show through. 


The rate of conversion of MG is directly proportional 
to AST concentration. However, components of the 
extracellular matrix and its dissolved products are present 
in GCF of destructive pockets. They may release sulfide ions. 


AST activity determined by Pocket Watch provides not 
only an index of cell death but of the extent of destructive 
pockets. 


Though many studies are being performed with GCE, it 
is not widely practiced. There is no standard strategy to 
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collect GCF from a 2-3mm wide crevice on the mesiobuccal 
line angle of each tooth. The entire procedure is time- 
consuming and may not capture a sample representative of 
the entire periodontium. 


Analysis of Saliva: 


The whole saliva can be collected non-invasively and can 
show markers derived from GCF associated with active 
periodontal destruction. It includes markers indicating cell 
necrosis, tissue destruction and inflammation like TNF IL-1, 
MMBP and glucuronidase. The levels of these markers were 
elevated in saliva of patients with periodontitis. 


Saliva can also be analysed for genomic and microbial 
markers of periodontal disease. It can be used to measure 
DNA, RNA, proteins, bacteria, electrolytes and other 
molecules.A portable device or a chip is under development 
to analyse multiple markers at the same time. 


@ Oral Fluid Nanosensor Test (OFNASET) can be used 
for simultaneous analysis and detection of multiple 
salivary proteins and nucleic acids. It analyzes saliva 
for the presence of four salivary mRNA biomarkers 
(SAT, ODZ,IL-8,and IL- |b) and two salivary proteomic 
biomarkers (thioredoxin and IL-8) 


@ Electronic taste chips detect multiple biomarkers for 
early diagnosis of periodontal disease. 


@ Integrated Microfluidic Platform for Oral Diagnostics 
(IMPOD) can measure concentrations of MMP-8 and 
other biomarkers in small amounts (!Oml) of saliva. 


@ Salimeteric shelps in the estimation of cytokines 
including interleukins, MMPs and various hormones 
including cortisol, cortinine, DHEA, testosterone, 
estradiol, progesterone, estriol in saliva 


@ Programmable Bio-nano-chip combines various 
disciplines of molecular biology to process many new 
biomarker signatures. 


Saliva-based analysis cannot provide tooth or site-specific 
information. It can be used as a home-screening tool to 
indicate the need for professional examination. It can also 
be used to assess the efficiency of treatment and monitor 
patient status during recall visits. 


Genetic testing: 


There is a general agreement about genetic susceptibility to 
periodontitis. However, the genes that confer susceptibility 


Periodontics & Oral Implantology 


Periodontal diagnosis ) 


have not been established definitively. Many candidate genes 
have been proposed as putative risk or prognostic factors. 


Microarray technology can be used to examine thousands 
of genes at once. With this technology, investigators can 
examine the genes expressed differentially in periodontitis. 
It includes genes involved in apoptosis, antigen presentation, 
and humoral response. 


Genetic polymorphisms in IL-| are known to be a severity 
factor for periodontitis. Commercial kits are available to 
assess the carriage of IL-| polymorphism. 


PST genetic susceptibility test: 


Periodontal susceptibility test (PST) is the first genetic 
test that analyses two interleukins (IL-|a@ and IL-1B) genes 
for variations. IL-| genetic susceptibility may not initiate 
or cause the disease but may lead to early incidence or a 
more severe disease. It can be used to identify individuals 
at risk for severe periodontal disease. It can be used in 


@ New periodontal patients to assist in developing 
treatment plans 


@ Patients requiring extensive periodontal and/or 
implant therapy to determine prognosis, improve 
patient acceptance and = optimize treatment 
outcomes. 


@ Smoking patients as an additional incentive for 
smoking cessation 


@ Maintenance patients to set recall intervals and 
improve compliance. 


@ Patients with early sign of disease to determine the 
need for referral to a specialist. 


Review Questions: 


Essay Questions: 


|. Describe the role of various radiographic techniques 
in periodontal diagnosis. 


2. Describe the role of Gingival crevicular fluid (GCF) 
analysis in periodontal diagnosis? 


Short notes: 


3. Write briefly about the various wasting diseases. 


4. What is BANA test? 
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Chapter Outline: 


¢ Periodontal Prognosis 

¢ Definitions And Terminology 

¢ Elements of prognosis 

¢ Tooth mortality versus Stability of periodontium 
— Periodontal stability 

¢ Rationale and biological basis 

¢ Importance of prognosis 

¢ Factors to consider when assigning Overall Prognosis (concerned 
with the dentition as a whole): overall clinical factors 

¢ Oral hygiene, Plaque control, and effectiveness of periodontal 
maintenance program 

¢ Patient compliance, attitude towards therapy and perceived value 
of natural dentition 
— Systemic/Environmental factors 
— Smoking 
— Systemic disease/condition 
— Genetic factors (Genetic Predisposition) 
— Stress 


Prognosis is derived from a Greek word — ‘pro’ meaning 
prior and ‘gnosis’ meaning knowledge. It also means 
“foreknowledge” as derived from Latin. It is the prospect 
of recovery as anticipated from the usual course of disease 
or peculiarities of the case. 


Definitions And Terminology: 


Prognosis is a prediction as to the progress, course, and 
outcome of a disease. (Glossary of Periodontal Terms, 
2001) 

Prognosis is defined as “prediction of the probable course, 
duration and outcome of a disease, injury or developmental 
abnormality in a patient, based ona general knowledge of 
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¢ Factors to consider when assigning individual tooth prognosis 
— Plaque /calculus 
— Tooth mobility 
— Quantity of alveolar bone loss 
— Morphology of the osseous deformity 
— Anatomic factors 
— Sub-gingival restorations 
— Prosthetic/Restorative factors 
¢ Previous prognostication systems 
¢ A Suggested Protocol 
¢ Indications for extraction of periodontally involved teeth 
¢ Miller-—McEntire periodontal prognostic index 
¢ Conclusion 
e Review Questions 
— Essay Questions 
— Short notes 
¢ Principal references and suggested further reading 


such conditions, as well as on specific information and 
exercise of clinicaljudgement in the particular case”. 


@ Prognosis is based on the diagnosis and therapeutic 
possibilities according to the duration, evolution and 
resolution of the disease.( Cortelli et al. ) 


@ Chronic disease can be defined as a disease that 
has a prolonged course, that does not resolve 
spontaneously, and for which a complete cure is 
rarely achieved. (Rose et al.) 


@ Risk factors are those characteristics of an individual 
that put a person at increased risk for developing a 
disease. They are confirmed by longitudinal studies. 
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@ Risk indicator or risk marker implies that the factor, 
although associated with increased risk for disease 
development, is not necessarily causal in the strictest 
sense. They are known from cross-sectional studies 
or case-control studies. 


@ Prognostic factors are characteristics that predict the 
outcome of disease once the disease is present. 


¢ A prognostic factor is an environmental, behavioural 
or biologic factor which, when present, directly 
affects the probability of a positive outcome of 
therapy rendered for the disease. (Armitage 1996) 
It is determined following initial examination, and 
following active therapy phase. It is established after 
the diagnosis and before formulating the treatment 
plan, considering the pathogenesis and the presence 
of risk factors for the disease. 


Elements of prognosis: 


The various elements of prognosis include 
@ Intended outcome 
@ Temporal component - Timing of the projection 


@ Consideration of individual tooth versus the overall 
dentition 


One essential element of prognosis is the definition of 
intended outcome. Traditional prognostication systems 
are based on tooth mortality. However, the periodontal 
status of retained teeth is variable and uncertain to 
predict. 


Prognosis can also be described in terms of the 
stability of the supporting tissues, which should be 
continuously evaluated by level of clinical attachment 
and radiographic bone measurements. 


The timing can be described arbitrarily as short term and 
long term. Long-term usually refers to periods of 
more than 5 years and periods of less than 5years are 
called short term. Studies have shown that prediction 
accuracy was ~50% when good prognosis was excluded. 


However, periodontal prognosis is dynamic in 
nature and should be reevaluated periodically as 
treatment and maintenance progresses. It can change 
after treatment as well as recurrent disease activity. 
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Tooth mortality versus Stability of 
periodontium 


Tooth retention is one of the endpoints used in determining 
the periodontal prognosis. However, survival and stability 
should be considered separately. 


Tooth mortality: 


Beckeret al reported that only 33.3% of teeth with hopeless 
prognosis were lost. However, these retained teeth were 
not necessarily stable, functional or comfortable. 


Lindhe and Nyman lost only 2.3% of teeth with >50% 
attachment loss. So, teeth with advanced loss of periodontal 
support could be kept healthy under strict maintenance 
care. 


Tooth loss observation is definitive, but follow-up time can 
be lengthy. It usually does not occur naturally and usually 
based on the decision of patient/clinician.As it is influenced 
by non-periodontal factors, it is less useful for patient 
management. 


Periodontal stability: 


Periodontal disease is multi-factorial in nature and proceeds 
chronically with episodes of exacerbation and remission. 
All patients are not equally at risk and tooth surfaces are 
variably affected. It can be influenced by local and general 
risk factors that may be controlled. 


Periodic examination of clinical attachment level can help 
to identify disease activity. But reproducibility of clinical 
attachment level is influenced by probing force, soft tissue 
health, and tooth anatomy. 


Disease activity assessment also varies with investigators. 
As periodontal stability is dynamic in nature, it should be 
assessed periodically. Hence, it would be better to decide 
prognosis based on periodontal stability. 


Rationale and biological basis: 


¢ Prognosis “is an art based on a science.’ (Prichard) 


@ Prognosis formulation is the art of clinical forecasting. 
(Rose et al.) 


@ It is an educated guess at forecasting of the probable 
course and final outcome of a disease. 


@ Our knowledge is incomplete so is our periodontal 
prognosis. Howeverstill it helps in treatment 
planning. 
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Attempts to control 
or elimination of 
identified Prognostic 
factors. 


Prognosis 


It forms the basis of 
decision making 
Process. 

¢ Decisons onrestorations. 
¢ Decisions on extractions. 





Fig. 38.1 Influence of prognosis on treatment planning 
decisions 


Importance of prognosis: 


It should be related to the goals or objectives that the 
patient and clinicians aspire to achieve. It should also be 
related to a particular time frame. Determining a prognosis 
can be compared to a balancing a scale by weighing the 
positive factors against the negative. 


Clinician: 


@ To determine which treatment modalities will be 
most effective. 
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@¢ To develop restorative recommendation and 


treatment plans. 


@ Should indicate the likelihood of success or failure of 
treatment. 


Patient: 
@ To determine whether treatment seems worthwhile 


@ Can get an idea on how long the effect of treatment 
will last? 


Periodontal prognosis refers to the expected longevity 
of teeth with or without periodontal therapy. It can be 
considered for overall dentition and also a prognosis 
for individual teeth. It is useful for making decisions on 
whether to treat, retain or remove periodontally involved 
teeth. The art and science of periodontal prognosisrefers 
to the scientific basis about periodontal disease in deciding 
whether to retain the tooth or not. 


An overall prognosis helps to communicate between 
patients and professionals. Many general factors can affect 
whole dentition while local factors can affect only individual 
teeth. Periodontal disease does not progress uniformly. 
Sites of disease activity may vary between molars and 
incisors. Individual tooth prognosis helps to develop a 
valid treatment plan and can be adjusted based on general 
factors. 


Prognostic factors 


That can be controlled 
by the patient: 
¢ Daily plaque removal. 


¢ Smoking cessation. 


¢ Compliance with 
wearing occlusal 
guards. 


¢ Compliance with the 
recommended 
PRN Z-1a = 





Those associated with 
systemic disease: 


Those that are 
uncontrollable: 


¢ Diabetes mellitus ¢ Poor root form 


¢ Immunological 
disorders 


¢ Poor crown-root ratio 
¢ Tooth type 
¢ Hypothyroidism aaa 


¢ Genetics 


Fig 38.2: Prognostic factors 
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Factors to consider when assigning Overall 
Prognosis (concerned with the dentition as a 
whole): overall clinical factors 


The overall prognosis is formulated from the collective 
prognosis of individual teeth. The prognosis of certain 
strategic teeth can significantly influence the overall 
prognosis than other individual teeth. 


Many parameters affect the prognosis and can be 
categorized into two groups, 


e Factors related to the ability to restore and 
maintain health 


e Factors related to functional demands. 


Several long-term studies have discussed various 
prognostic factors including tooth type (non-molar 
teeth versus molars), furcation involvement, tooth 


mobility, alveolar bone loss and patient compliance to 
periodontal maintenance therapy. However, it is not 
possible to adequately predict the risk of future 
attachment loss or the risk of developing periodontal 
lesions in the future. Thus, patients without a previous 
history of periodontitis is at a lower risk than patients 
previously affected by periodontitis. 


Patient age: 


e Age is a significant risk characteristic for 
periodontitis and almost all studies have found that 
old age groups show greater prevalence and 
severity of periodontal destruction than younger age 
cohorts. 

= Chronicity of Periodontal disease: This could 
be related to presence of disease for a 
longer period in older patients than younger 
ones. 

=» Cumulative periodontal destruction: Age 
reflects the individual’scumulative oral history. 

e Patients with older age probably have a better 
prognosis than patients of younger age. 

e A more aggressive form of periodontitis is seen in 
younger age. 
Disease Severity: 


Bleeding on probing; 


The absence of bleeding on_ probing over 
several appointments could indicate an improved 
prognosis compared with a tooth with similar levels of 
periodontal destruction that repeatedly bled on probing. 
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Langet al have reported that sites that bled every 3 
months in | year have 30% chance of experiencing clinical 
attachment loss of 2 2mm. 


However, systematic reviews suggest that bleeding 
on probing was not predictive for further disease 
progression and demise of involved teeth. 


Suppuration: 


Suppuration: The formation of pus. (Glossary of periodontal 
terms, 2001) 


# It indicates underlying pathology and must be 
considered in the overall prognosis. 


= It is a general indicator of the overall level of 
periodontal inflammation. 


Persistent deep pockets: 


If pocket depth is greater than 6mm, it is difficult to 
achieve complete calculus removal. Such pockets 
have more bleeding on probing and greater percentage 
show disease progression. 


» Deep pockets harbor periodontal pathogens 
and are harder for the patient and the clinician to 
maintain a healthy state. 


» It is conceivable that deeper pockets might 
serve as reservoirs for periodontal pathogens. 
They have 3 times greater risk than shallow sites 
for experiencing disease activity. 


= The patient with presence of numerous persistent 
deep pockets may indicate a patient whose 
response to therapy has been less favorable and 
who may be under considerable risk of further 
periodontal breakdown. 


= Residual pocket of 6mm or more depth are risk 
factors for periodontal disease progression, tooth 
loss and represent incomplete periodontal 
treatment of outcome and require further therapy. 


=» Patient with persistent deep pockets might be 
assigned a less favorable prognosis. 


» The absence of probing depth is a good 
forecaster for future periodontal stability. 


Amount of Remaining Attachment: 


The amount of remaining periodontal attachment is of 
prognostic significance. 
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= A tooth or a dentition with severe attachment 
loss will have a less favorable prognosis than one 
with minimal attachment loss. 

» It is a predictor for future risk of attachment loss 
and can estimate patient’s susceptibility. 

# The clinical indicators of inflammation are edema, 
erythema, bleeding, and suppuration. If considered 
separately, they are weak predictors of future 
attachment loss. 


mn Loss of attachment can measure disease 
progression but cannot predict future disease 
activity. 


Oral hygiene, Plaque control, and effectiveness 


of periodontal maintenance program: 


Effective plaque control and oral hygiene are critical for the 
success of the periodontal therapy. The patient’s ability to 
perform adequate plaque control is important to determine 
whether the disease process can or cannot be arrested. 


The effectiveness of periodontal maintenance is the most 
critical factor in assuring long-term success. 


Patient compliance, attitude towards therapy and 
perceived value of natural dentition: 


Compliance is of particular importance in periodontal 
therapy. A number of retrospective and prospective 
cohort studies have shown that good compliance is 
associated with better periodontal outcomes especially 
lesser attachment loss., including reduced tooth loss. 
Hence,compliance should be considered while 
formulating periodontal prognosis. 


lf the patients are unwilling or unable to perform adequate 
plaque control and to receive the timely periodic 
maintenance checkups and _ treatments that the 
dentist deems necessary, the dentist can either refuse 
to accept the patient for treatment, or he can extract 
teeth that have a hopeless or poor prognosis. 


A well-motivated patient is a most valued asset in successful 
therapy. The patient’s compliance with oral hygiene efforts 
is critical for success. 


Miyamoto et al have’ reported that complete 
patient compliance with increased frequency of 
periodontal maintenance can improve the _ dental 


prognosis by reducing tooth loss among molars and 
minimization of alveolar bone loss among non-molars. 
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Systemic/Environmental factors: 


Smoking: 


Tobacco smoking is a major modifiable risk factor for 
development of periodontitis. It also affects the treatment 
response adversely. 


lt has been reported that smoking increases attachment loss 
in the maxillary lingual and mandibular anterior regions. 


Smoking decreases the likelihood of an improved 
prognosis after treatment by 60% when compared 
with non-smokers. 


Patients with slight to moderate periodontitis who stop 
smoking can often be upgraded to a _— good 
prognosis, whereas those with severe periodontitis who 
stop smoking may be upgraded to a fair prognosis. 


Studies have shown that clinicians tend to underestimate 
the effects of tobacco smoking on prognosis while 
overestimating the estimating the effects of tooth level 
factors. 


Systemic disease/condition: 


Systemic conditions should be considered in formulating a 
periodontal prognosis. 


A compromised medical status has a negative influence 
on dental prognosis. It can directly influence healing and 
indirectly influence the behavioural and_ physical 
approaches to oral hygiene. 


Diabetes - Poorly controlled diabetes, in particular, is 
a significant risk factor for higher prevalence, extent, 
and severity of periodontal attachment loss. Such patients 
with poor glycaemic control have a poor prognosis than 
well-controlled diabetics or non-diabetics. 


Immunodeficiency states - Any condition that causes 
a suppression of the host defences can predispose to 
periodontal disease. 


# Such AIDS patients have a poor prognosis unless 
they are under anti-retroviral therapy. 


= Neutrophil defects like Chediak-Higashi or Papillon- 
Lefevre syndrome, Leukocyte adhesion 
deficiency and other systemic diseases that lower 
neutrophil counts or impairs neutrophil function can 
be associated with increased risk for periodontal 
disease. 
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Low dietary intake of calcium and vitamin C also may 
confer some risk. 


Osteoporosis is also implicated in rapid loss of attachment, 
particularly in women. 


Genetic factors (Genetic Predisposition): 


Studies have shown genetics risk factors to be of significance. 
Familial aggregation of aggressive periodontitis has been 
reported. 


Heritability of chronic periodontitis has been supported 
by twin studies. The dissimilar progression of gingivitis 
to destructive periodontitis explains the concept that 
heredity plays a greater role in periodontal susceptibility, 
accounting for perhaps as much as 50% of the risk for 
chronic periodontitis. 


The individuals possessing IL-! gene polymorphism are 
about 2.7 times more likely to lose teeth than those 
without the genotype 


Gene polymorphisms in IL-10 and FcyR may increase 
susceptibility to severe periodontitis. 


The risk is increased by 7.7 fold in genotype —positive 
individuals who are also long-time heavy smokers. 


There are limited treatment options available for such 
patients. Gene therapy is possible that can produce certain 
compensation ranging from host modulation to more 
frequent maintenance intervals. 


Stress: 


Physical and emotional stress may alter the patient’s ability 
to respond to the periodontal treatment performed. 


Parafunctional habits like bruxism, clenching, 
factitialbehaviour could be a manifestation of stress. 


Heavy occlusal loading can lead to bone loss and increase 
tooth mobility. 


TMJ dysfunction and excessive occlusal wear could also be 
noted. 


A Recent meta-analysis suggests that psychological stress 
can lead to increased periodontal disease and a worse 
overall prognosis. 
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Factors to consider when assigning individual 
tooth prognosis: 


According to Matthews and Tabesh (2004), local factors 
were defined as anything that influences the oral health 
Status at a particular site or sites with no known systemic 
influence. It can be anatomical factors like root grooves 
or iatrogenic factors like subgingival restorations. 


The important factors in determining prognosis for 
individual tooth includes probing depth, furcation 
involvement, crown to root ratio, fixed abutment status 
and percent bone loss. 


Plaque /calculus: 


The plaque is the most important etiologic agent in the 
gingivitis, and it has a role in periodontitis. 


The microbial challenge presented by bacterial plaque and 
calculus is the most important local factor in periodontal 
diseases. 


Therefore, a good prognosis depends on the ability of the 
patient and the clinician to remove these etiologic factors. 


Tooth mobility; 


Hypermobile teeth are considered to have a questionable 
prognosis, and they lose more clinical attachment with 
time. 


Hypermobile teeth with furcation involvement had greater 
risk of attachment loss than non-mobile teeth. 


Better healing responses after periodontal treatment are 
notedin firm rather than mobile teeth. 


Mobility also has been associated with less favourable 
results after regenerative surgical therapy and has increased 
riskfor tooth loss during maintenance. 


The stabilization of tooth mobility through the use of 
splinting may have a beneficial impact on the overall and 
individual tooth prognosis. 


When 4-6mm of bone is lost, there is a large amount of 
stress on remaining periodontium leading to destruction 
and further increased mobility. 


However, tooth mobility does not mean periodontal disease. 
It could be due to primary occlusal trauma by excessive 
occlusal forces on healthy periodontium or secondary 
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occlusal trauma by normal masticatory load on weakened 
periodontium. 


Treated loose teeth can respond favourably to therapy. 
Quantity of alveolar bone loss: 


=" Greater the bone loss, poorer is the prognosis. 


» Untreatedsites of bone loss are more prone for 
additional bone deterioration. 


=» Radiographs are not sensitive indicators for 
ongoing progressive periodontal disease as 


e Radiographs can underestimate actual bone 
loss by 9 — 20%. 


e Undamaged cortical plates can conceal 
medullary bone resorption. 


= The previous bone loss is not a good predictor for 
future osseous destruction. 


Morphology of the osseous deformity: 


# It is important for the prognosis of an individual 
teeth. 

» It is based on the topography of the surrounding 
bone. 

#» A tooth with 50% horizontal bone loss has better 
long-term prognosis than tooth with 30% localized, 
deep and wide infrabony defect. 

Anatomic factors: 


Root and furcation anatomy: 


» Multi-rooted teeth like maxillary and mandibular 
molars with maxillary premolars displayed the 
highest incidence of attachment loss. 


» Maxillary anterior teeth and mandibular premolars 
showed the lowest incidence. Root anatomy in 
combination with other factors can affect the 
prognosis. 


Presence and severity of Furcation involvement 
(access to the furcation area is difficult) — worse 
prognosis 


Crown-root relationship - roots 


(improper crown to root ratio) 


Short, tapered 


Cervical enamel projections (interferes with 
attachment apparatus) 


Enamel pearls.(interferes with attachment apparatus) 
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Additional roots: Rarely, maxillary first premolar can 
show a third root. It is called mini-molar, as it has one 
palatal and two buccal roots. Such tooth can have 2-3 
furcation entrances and can be affected by periodontal 
disease. 


Root proximity (too close roots- 


instrumentation) 


difficulty in 


Furcation entrance dimension - if the Furcation 
entrance is narrower than a standard curette 


Root concavities. (Difficult instrumentation) 


Developmental grooves (palato-gingival groove and 
grooves on proximal surfaces -accessibility problem) 


Bifurcation ridges 


The retention rates of furcation involved teeth 
ranged from 43 — 98%. Such high retention rates could be 
due to overestimation of initial furcation involvement. 
Dannewitz et al have reported that teeth with Class | 
or Il furcations had a prognosis comparable with teeth 
without furcation involvement after active periodontal 
therapy. 

Regional anatomy 

Proximity to maxillary sinus/ mental foramen 

Mandibular tori 

Shallow vestibule 


Sub-gingival restorations: 


Subgingival margins may contribute to increased plaque 
accumulation, increased inflammation, and increased bone 
loss when compared with supragingival margins. 


Restorations extending sub-gingivally are an etiologic factor 
for periodontal disease. 





Fig. 38.3 IOPA showing overhanging restoration 
associated with periodontal disease 
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Prosthetic/Restorative factors: 


The prosthetic and_ restorative factors should 
be considered before determining prognosis. It is a 
point where the overall and the individual prognosis 
meet. The prognosis for key individual teeth may affect 
the overall prognosis for rehabilitation. 


The clinician is under a dilemma whether to involve the 
compromised tooth into the prosthesis. Such teeth should 
be considered under special circumstances, assess all the 
other criteria including patient’s objectives. 


Strategic value of the involved tooth/teeth 
Extent of carious destruction 

Pulpal involvement 

Non-vital tooth 

Root resorption. 


Root canal anatomy and accessory canals 
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Fixed abutment status including the measure of 
occlusal load and patient's ability to perform plaque 
control. 


@ Clinical crown to root ratio 
@ Number of remaining teeth 


@ Greater the number of remaining teeth, greater is the 
ability to share occlusal forces and thus reducing the 
load on an individual tooth. 


@ Many dentists say, “Give me two good cuspids and 
two good molars, | can restore the full arch’. This 
statement may be true if other factors are suitable. It 
can be a difficult situation if the remaining teeth are 
incisors. 


@ Tooth position and occlusal relationship 


If a tooth is severely tipped, occlusal forces are not 
directed parallel to the long axis of the tooth, and it 
compromises the ability to withstand occlusal loading 
in function. 


@ The position of teeth in the arch _ influences 
treatment planning. 


@ Financial aspects. 
@ Follow-up intervals. 


@ Parafunctional habits. 
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<> Endodontic-periodontal lesions may compromise 
prognosis. 


<> Teeth with untreated occlusal discrepancies have 
a poor prognosis than teeth in occlusal harmony. 
Hence, occlusion should be considered as a 
tooth-level variable than a patient-level variable 


to establish periodontal health. 


Limiting arch:The one = arch which may be 
significantly worse than the others and may exert 
a disproportionate influence on the treatment 
plan is termed the limiting arch 


If prognosis refers to the clinical condition of a tooth at any 
point, then it should give a good indication of the overall 
clinical status of that tooth. By evaluating the change in 
prognosis over time with baseline characteristics, disease 
progress can be analysed. 


Previous prognostication systems: 


Hirschfeld and Wasserman(l978) observed 600 
maintenance patients for an average of 22 years. They had 
only two levels of prognosis — favourable and questionable. 
The teeth with furcation involvement, a deep& non- 
eradicable pocket, extensive alveolar bone loss, marked 
mobility in conjunction with probing depth ( 2 — 2.5 ona 
scale of 3). The predictability of a correct prognosis 
became more variable over extended period of time. The 
number of teeth lost was used to classify patients as, well 
maintained — zero to 3 teeth lost, downhill — 4 to 9 teeth 
lost and extreme downhill — 10 — 23 teeth lost. Hirschfeld 
and Wasserman divided their patients into 3 groups — well- 
maintained, downhill and extreme downhill to evaluate 
tooth loss. In such patients, posterior teeth were more 
likely to be lost. 


Beckeret al followed two groups of post-treatment patients 
with and without maintenance therapy. They studied tooth 
mortality and described 3 prognostic categories — good, 
questionable and hopeless. They assessed bone level, 
probing depth and furcation involvement. They also 
considered palatal grooves, extensive caries, and repeated 
abscesses. This detailed classification improved prediction 
in well-maintained patients and effectivefor a period of 

5-6 years. The teeth with more than one of the following 
problems, 


@ Questionable prognosis— 


<> Bone loss close to 50% of root length 
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<> Probing depth of 6 to 8 mm 


<> Class Il furcation involvement with minimal inter- 
radicular space 


<> Presence of deep, vertical grooves on_ palatal 
aspect of maxillary incisors 


<> Mesial furcation involvement in maxillary first 
bicuspids 


@ Hopeless prognosis 
~~ > 75% loss of supporting bone 
<> > 8mm probing depth 


<> Class Ill furcation involvement 


Table 38.1: Prognostic categories (McGuire and Nunn (1991)) 


Good prognosis 


Periodontal Prognosis | 
Class III mobility with tooth movement in mesial- 
distal and vertical dimensions. 
Poor crown/root ratios 


Root proximity with minimal inter-proximal bone 
and evidence of horizontal bone loss. 


¢ ++ + 


History of abscess 


formation. 


repeated periodontal 


McGuire and Nunn (1991) determined that commonly 
used clinical parameters lacked accuracy in forecasting 
tooth retention. They assessed 2484 teeth in periodontal 
patients under maintenance for I5 years and gave a 
prognosis. They had classified 5 prognostic categories — Good, 
Fair, Poor, Questionable and Hopeless. 





Presence of | or more of the following parameters 


Control of the etiologic factors and adequate periodontal support as measured clinically and 


radiographically to ensure that the tooth would be relatively easy to maintain by the patient 
and clinician assuming proper maintenance. 


Fair prognosis 


Approximately 25% attachment loss as measured clinically and radiographically and/or Class 


| furcation involvement. The location and depth of the furcation would allow proper mainte- 


nance with good compliance. 


Poor prognosis 


50% attachment loss with Class II furcations. The location and the depth of furcations would 


allow proper maintenance but with difficulty 


Questionable prog- 
nosis 
2 or greater. Close root proximity. 


Hopeless prognosis 


Ghiai and Bissada(1996) reported that it was hard to predict 
the retention of individual teeth, except when the initial 
forecast was good. They assessed 580 teeth in maintenance 
program.VWhen re-examined after 5-13 years, 71% of teeth 
with good prognosis and 53.3% of fair prognosis were 
correctly assigned. 51.8% of teeth performed better than 
expected and 55.2% of poor prognosis group resulted in 
hopeless category. 


Thus, both the groups of investigators agree that 
reliable forecast could not be given with accuracy using 
conventionalassessments unless the _ initial prognosis 
was good. Surrogate variables for periodontal health like 
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Greater than 50% attachment loss resulting in poor crown-to-root ratio. Poor root form. 
Class Il furcation not easily accessible for maintenance care or Class III furcations. Mobility of 


Inadequate attachment to maintain the tooth. Extraction performed or suggested 


absence of bleeding on probing, stable probing depth and 
no additional loss of bone or clinical attachment result in 
reduced tooth loss by periodontal disease. 


Checchi et al in 2002 proposed a simplification of the 
McGuire (1991) classification of periodontal prognosis. 
This simplified classification includes three prognosis 
gradients: good, questionable, and hopeless. The authors 
elected to define prognosis based on residual bone levels 
and/or furcation involvement. The criteria put forth where 
as follows: 
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Teeth with bone 
KoXSe-d gor heolam earls 
75% or teeth that 
had at least two 
characteristics 

of ‘questionable’ 
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Bone loss ra 
between 50% O than 50% bone loss 
and /5%, or the oar fitting one 
presence of an of the two previous 
angular defect categories. 

or furcation 

involvement; 





Fig. 39.4 Classification of periodontal prognosis (Checchi et al.) 


Ifa tooth exhibited both characteristics, it was downgraded. 
Results showed that 0.07% of teeth with good prognosis 
were lost, 3.63% were lost from the questionable prognosis 
category,and | 1.34% were lost from the hopeless prognosis 
subgroup. While previous prognosis classifications were 
shown to be accurate for the “good” and “hopeless” 
prognosis, this simplified approach performed very well for 
“good” and “questionable” prognosis but seemed to have 
been pessimistic in assigning “hopeless” prognosis. 


Kwok and Caton(2007) have proposed a new classification 
system with 4 parameters — favourable, questionable, 
unfavourable and Hopeless. 


@ Favourable — periodontal status can be stabilized 
with comprehensive periodontal treatment and 
maintenance. [he future periodontal loss is unlikely. 


@ Questionable — periodontal status is influenced by 
local and systemic factors that may or may not be 
controlled. Periodontium can be _ stabilized with 
comprehensive periodontal treatment and 
maintenance, if these factors are controlled; 
otherwise future periodontal breakdown may 
occur. Questionable” prognosis a term that means 
that a tooth may or may not respond well to 
treatment and many factors such as patient/host 
susceptibility, age, location of the tooth and degree 
of bone loss among others must be weighted to 
better determine its prognosis.(loannou et al.) 


@ Unfavourable — periodontal status is influenced by 
local and systemic factors that cannot be controlled. 
Periodontal breakdown is likely to occur even with 
comprehensive periodontal treatment and 
maintenance. 


@ Hopeless — tooth must be extracted. 


These terms for prognosis should be readily communicable 
to the patient and the clinician. The categories for prognosis 
could be described by terms such as, 


@ Excellent 
Very good 
Good 

Fair 

Guarded 
Questionable 
Doubtful 


Poor 
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@ Hopeless 


Excellent prognosis: Teeth with excellent prognosis have 
one or more of the following - No bone loss, excellent 
gingival condition, good patient co-operation,andno 
systemic/environmental factors. 


Good prognosis: Teeth with a good prognosis has one or 
both of the following characteristics: adequate remaining 
periodontal support and ease of maintenance. 


Fair prognosis: Teeth with a fair prognosis has one or 
both of the following characteristics: Attachment loss to 
the point that the tooth cannot be considered to have a 
good prognosis and presence of a Class | furcation lesion 
(with the limitation that the furcation is believed to be 
maintainable). 


Guarded prognosis: Teeth with upto 50% attachment loss, 
6-8mm pocket depth, Class Il furcation invasion, Grade Il 
mobility, Root proximity with moderate attachment loss. 
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Questionable prognosis: Teeth with questionable prognosis 
exhibit one or more the following characteristics: Severe 
attachment loss resulting in a poor crown-to-root ratio; 
poor root form; root proximity; Class Il or Ill furcation 
lesions (not amenable to maintenance) and mobility of 2+ 
or greater. 


It means that there are additional factors involved in 
preventing complete control of a tooth or arch. There is an 
element of doubt in the prediction of success or failure. It 
is better to admit doubt than to mislead the patient. 


Poor Prognosis: Teeth with a poor prognosis exhibit one 
or both of the following characteristics: > 75% attachment 
loss, > 8mm pocket depth, Class Ill furcation lesions or 
furcation invasion on a maxillary first premolar (that can 
presumably be maintained, but with difficulty), Grade Ill 
mobility, Recurrent periodontal abscess and extensive 
developmental grooves. 


Hopeless prognosis: Inadequate attachment to maintain 
the tooth in health, comfort, and function. It includes >/5% 
bone loss, 8 — !0mm probing depth, Class Ill furcation 
involvement, Hypermobility, Severe root proximity with 
adjacent tooth, poor crown: root ratio, history of repeated 
periodontal abscess formation. In such cases, extraction is 
recommended. Tooth must be extracted. 


A Suggested Protocol: 


Prognosis should be regarded as a dynamic parameter, and 
every treatment plan should allow for specific intervals 
to re-evaluate the patient’s status. It is recommended 
to proceed initially on a tooth-by-tooth basis in 
assessment of prognosis and then formulate the prognosis 
for the entire arch. 


Analysis of patient's expectations, motivation and change in 
habits as therapy is performed, presence and possibility of 
risk factors and occasional rehabilitation should be a part 
of the treatment protocol. 


Establishing an adequate prognosis is a difficult task. The 
advantages and _ limitations of each criteria is 
important when an ethical question arises to decide 
the status of maintaining teeth. 


@ A careful and complete collection of data is the first 
step towards formulating a diagnosis and prognosis. 
This necessitates evaluation of patient’s social and 
medical history for risk factors like diabetes, tobacco 
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use, stress, immunodeficiency diseases, and stress. 
lf there are risk factors, assess the level of existing 
disease and modes to improve control of these 
factors. 


Next step is comprehensive periodontal examination 
along with radiographs. It should include a 6-point 
probing’s for each tooth along with measurement of 
gingival recession, mobility, furcation involvement and 
bleeding on probing or presence of exudate. 


Data collection is followed by assignment of a 
presumptive diagnosis, using the American Academy 
of Periodontology Classification system. The 
components of the diagnosis include disease type, 
extent, and severity. It should give an idea about the 
overall periodontal health. 


Next, prognosis for individual teeth should be 
assigned, using criteria discussed earlier. 


After tooth and arch prognosis have been assigned, 
a full-mouth assessment should be performed, and a 
whole-dentition prognosis should be given. 


<> Is the disease localized or generalized? 


<> Are there any local risk factors that predispose to 
gingival or periodontal disease? 


<> Is there any attachment loss? If present, is the 
disease early, moderate or advanced? 


Early disease—attachment loss of 3mm or less (Probing 

depth of 3-6mm with normal gingival margin) 

Moderate disease —attachmentloss of 3-6mm (Probing 

depth of 6-9mm with normal gingival margin) 

Advanced disease — attachment loss of >6mm (Probing 

depth of >9mm with normal gingival margin) 

<> There is a possibility of generalized early or 
moderate disease with areas of advanced disease 
in the same patient. 

<> Correlate the attachment loss with age of 
patient. 

Advanced attachment loss in younger patients 

Suggests aggressive disease with poor prognosis than 

a similar level of attachment loss in older patients. 

Younger the patient, worse is the overall prognosis. 


<~ The overall prognosis of 
advanced periodontal disease is bleak. 


generalized 
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<> The overall prognosis of early or moderate 
periodontal disease is generally good. 


<> Patient’s ability and consistency to perform 
plaque control is critical in determining overall 
prognosis. 


Better the plaque control, better is the overall long- 
term prognosis. 


<> Some clinical circumstances may also affect the 
individual tooth prognosis. This is particularly 
true in the presence ofa strong risk factor such 
as smoking. 


Prognosis for individual teeth: 


<> Most important consideration is amount of 
attachment loss. 


Teeth with less than 4mm of attachment loss (Probing 
depth of 7mm or less with normal gingival margins) 
have a good prognosis if they are not going to be 
used as abutments. 


Teeth with >7mm attachment loss (Probing depth of 

|Omm or more with normal gingival margins) have a 

poor prognosis. 

<> The crown-root ratio measures attachment 
loss. It is important especially in cases of root 
resorption where attachment loss occurs from 
the apical end. 


<> Presence of furcation invasion 


Teeth with minimal (Class I) or no furcation invasion 
have a good prognosis. 


@ Greater, the amount of attachment loss in the 
furcation area, results in worse the long-term 
prognosis of the tooth. 


@ Teeth with a complete bone loss in the coronal 
aspect of furcation (Class Ill) have a poor prognosis. 


<> Teeth like maxillary premolars with pronounced 
root concavities have poor prognosis than those 
with relatively straight roots. 


<> Severe tooth mobility is an indicator of poor long- 
term prognosis. 


@ After assignment of individual prognosis, Teeth with 


good periodontal prognosis should be maintained 
provided that the patient maintains adequate plaque 
control. 
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@ The overall treatment plan is equally important as 
periodontal prognosis. The arch integrity should 
be assessed. The cost of treatment and projected 
longevity of tooth to be treated should be considered. 
Is it worthy to treat a tooth with guarded-poor 
prognosis by endodontic and prosthetic treatment, if 
it is expected to be lost in few years? 


@ Questionable or hopeless teeth can be deleted 
from the arch diagrams. This could suggest possible 
prosthetic schemes. A prognosis can then be assigned 
to each arch. 


@ After an initial examination, the prognosis is based on 
initial disease status, expected treatment results and 
the uncertainty of controlling the modifying factors. 


@ The treatment plan in most cases will begin with 
initial non-surgical therapy. 


@ It is desirable to defer final decisions regarding 
surgical intervention and tooth extraction until the 
re-evaluation. 


¢ A formal re-evaluation of treatment response should 
be done 6 to 8 weeks after non-surgical therapy. This 
thorough assessment of the signs of inflammation 
and periodontal probing measurements to check for 
improvement is carried over. 


@ The original diagnosis is either revised or retained 
based on the evaluation after the initial therapy. 
Thus response to initial therapy, or lack of 
response, may alter the prognosis. 
<> If the response is generally good, then the patient 

may be placed on maintenance (i.e., appointed for 
regularly scheduled assessment and debridement 
appointments). 


<> If the response is generally good, but some 
problem areas remain, then additional therapy 
will be recommended. This may be enhanced non- 
surgical techniques to mechanical debridement, 
or surgery. 


<> If the response is generally poor, then a cause 
should be sought. This may be as simple as poor 
home care, although systemic factors should be 
considered. 


@ Technological advances have given a positive outlook 
on the prognosis of teeth with severe periodontal 
disease. 
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<> The use of regenerative therapy can improve the 
prognosis of a lower 2nd molar with distal intra- 
bony defect. 


<> Similarly, less desirable teeth with periodontal 
disease can be removed and replaced with dental 
implants. It could be a viable alternative to root 
amputation following endodontic therapy and 


prosthetic rehabilitation. 


@ Reevaluation should be performed after active 
therapy - whether that be entirely non-surgical or a 
combination of non-surgical and surgical treatment, 
or as post-treatment. 


<> In cases of regenerative periodontal therapy, it is 
customary to wait for a little longer to carry out 
the reevaluation. 


With this post-treatment reevaluation, the 
individual prognosis as well as overall prognosis 
is redetermined. 


<> 


<> The findings at this post-treatment reevaluation, 
and the prognosis rendered,will serve as the new 
baseline for the patient as he or she moves into 
the maintenance phase. 

Indications for extraction 


involved teeth: 


of periodontally 


There is a possibility of healing and maintenance of 
treated teeth for a long period by regular periodontal 
maintenance. However, in some cases, the severity 
of periodontal destruction does not allow healing and 
tooth extraction would be indicated in such patients. Past 
disease experience accounted for highest percentage of 
indications for extraction. 


The presence of risk factors, evaluation of 
susceptibility and other prognostic factors should be 
considered in the clinical decision making to decide 
extraction of affected tooth/teeth. 


Here is the dilemma? Do we extract or retain such 
teeth? __ Traditionally, questionable teeth were 
frequently given the benefit of doubt and received 
periodontal treatment. However, current trend is to 
remove such teeth and replace them with implants. 


Even teeth with doubtful prognosis at onset may have a 
better prognosis after adequate treatment. Many 
retrospective studies reveal that the preservation rate of 
periodontally questionable teeth ranged from 38% - 97%. 
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This tooth preservation may decrease with increase in 
monitoring period. 


lf a tooth with poor periodontal prognosis is retained, 
greater will be the amount of bone loss in the future that 
complicates the eventual replacement with implants. 


@ Referral to periodontist to confirm the prognosis 
and possibility of further treatment before indicating 
extraction. 


@ Severity of attachment loss is an indicator for future 
risk too. 


@ Tooth mobility — it may reduce with decrease in 
inflammation with treatment and should not be a 
sole factor to decide extraction. 


@ >50% of radiographic bone loss, level of bone crest, 
inter-radicular bone resorption and crown-root ratio 
should be evaluated. 


@ Furcation-involved premolars’ in _ periodontally 
compromised patients have been advised extraction 
and replacement with implants. 


@ Prosthetic planning is a criterion to_ indicate 


extraction. 


@ Presence and severity of molar furcation involvement 
should be evaluated. 


@ Presence of periodontal-endodontic lesions. 


@ Socio-economic and cultural aspects of patients 
should be considered. 


@ Teeth with poor prognosis in patients with systemic 
diseases should be removed. 


@ Similarly, tooth that compromise patient's overall 
health like patient undergoing organ transplant, 
chemotherapy or radiotherapy in affected area should 
be removed. 


A systematic review concluded that the only patient- 
related factors that are clearly associated with tooth loss 
due to periodontal disease were older age and smoking 
(Chambrone, Chambrone, Lima, & Chambrone, 2010). 


(| Treatment considerations in Periodontology 


Untreatable tooth with impaired 
function. 


¢ Untreatable Endo-Perio lesion. 


¢ Tooth Fracture esp Vertical 
tooth fractures. 


¢ Gross caries. 


¢ Grade-3 tooth mobility. 


Extraction during treatment plan 

¢ To avoid the failure or 
compromise of prosthetic/ 
restoration planning. 


Section - VI 


Unfavourable aesthetics. 


¢ Extraction incase of unfavorable 
aesthetics should be carried 
over taking into consideration 
the best interests and wishes 
of the patient. 


alla Ai ea exe) me (-lal v1 
infection in patients with 
systemic conditions. eg., 


° extraction prior to 
bisphosphonate therapy. 


° extraction prior to 
radiotherapy. 





Fig. 38.5 Reasons for extraction periodontally involved teeth 


Miller-McEntire periodontal prognostic index: 


Miller-—McEntire periodontal prognostic index (2014)is 
an evidence-based quantitive scoring system _ that 
incorporates six prognostic factors that includes: 


|. Age. 

2. Probing depth 

3. Numberof furcation involvement per molar. 
¢ No furcation involvement= 0 
¢ One furcation = | 
¢ Two furcations = 2. 


¢ Three furcations or thru and thru furcations on 
mandibular molars = 3. 


4. Mobility 


Class |: Tooth is mobile, but is not impacting 
prognosis. 


Class 2: Tooth is mobile and is impacting 
prognosis. 


Class 3: Tooth is mobile and while perhaps hopeless, 
may be treated under circumstances. 


Molar type. 


6. Smoking status, to assign a prognostic value to 
molars. 
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Fig 38.6: Miller-McEntire periodontal prognostic index 
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Miller and McEntire system increases the accuracy of 
determining the long-term prognosis for periodontally 
involved molar teeth. 


Milleret alin) his study found the _ individual 
prognostic components smoking status, probing 
depth, mobility, furcation involvement, molar type (not 


Statistically significant [NS]), and age (NS) to rank from 
most predictive to least predictive of molar survival. 


The index helps in predicting the survival of the tooth 
following treatment and helps in decision making for 
the dentists about the tooth extraction and referral to 
a periodontist. 


McGowan et al (2017) proposeda new tooth-level 
prognosis model that uses 9 evidence-based quantifiable 
parameters to provide a prognosis of secure, doubtful, poor, 
or irrational to treat. Six tooth-level risk predictors (bone 


loss; age, pocket depth, furcation involvement, infrabony 


defects, anatomical factors, and mobility) and 3 patient level 
modifiers (smoking, diabetes, and bleeding on probing) are 
used to determine the expected course of disease with 
specific reference to the suitability of the tooth for future 
dental treatment. 


Conclusion: 


The prediction of success could enhance with improvement 
in patient's oral hygiene efforts or after successful 
completion of a difficult clinical procedure. Similarly, 
prognosis could worsen, if anatomical complications are 
encountered during therapy. 


The basic determination in establishing prognosis is 
whether or not the tooth or arch can be kept healthy and 
functional and for how long. Most prognosis is 
discussed in 5-year intervals with respect to established 
treatment objectives. 


One must continuously make a conscious effort to 
evaluate the patient’s progress over the years and analyze 
the factors influencing success or failure of therapy. An 
experienced clinician will integrate all the risk factors, 
the patient's expectations, willingness and ability to follow 
complete treatment recommendations to suggest the best 
option for the patient's oral health. 
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Review Questions: 


Essay Questions: 


|. Define prognosis. How would you determine 
the overall prognosis of a patient with moderate 
periodontitis? 


2. What are local factors. What are the factors to be 
considered when assigning the individual tooth 
prognosis? 


Short notes: 


3. What is the role of smoking in periodontal 
prognosis. 


4. Write briefly the Miller-McEntire periodontal 
prognostic index. 


Principal references and suggested further 
reading: 


@ AlJehani YA. Risk factors of periodontal disease: review 
of the literature.Int J Dent. 2014;2014:182513. 


@ Checchi L, Montevecchi M, Gatto MRA, Trombelli 
L: Retrospective study of tooth loss in 92 treated 
periodontal patients. | Clin Periodontol 2002; 29: 
65 1-656. 


@ Dababneh R, Rodan R. Anatomical landmarks of 
maxillary bifurcated first premolars and_ their 
influence on periodontal diagnosis and treatment. 


Journal of International Academy of Periodontology 
2013; 15:1: 15 


@ GhiaiS,Bissada NF. Prognosis and actual treatment 
outcome of periodontally involved teeth.Periodontal 
ClinInvestig. 1996 Spring; 18(1):7-I 1. 
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Contin Educ Dent. 2007 Aug;28(8):436-46; quiz 447, 
470. 
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Chapter Outline: 


Definitions and Terminology. 
RATIONALE OF PERIODONTAL RISK ASSESSMENT. 
Methods to assess periodontal risk. 
Periodontal Risk Calculator (PRC). 
e PreViser. 
e Periodontal Assessment Tool (PAT). 
e Periodontal Risk Assessment (PRA) model. 
e Calculating the patient’s individual periodontal risk 
assessment (PRA). 
e Periodontal Risk Assessment model by Chandra. 
e Simplified (UniFe) method for periodontal risk 
assessment. 


The patient's risk assessment for incidence’ or 
recurrence of periodontal disease should be evaluated 
on the basis of multiple clinical conditions. The entire 
spectrum of risk factors and risk indicators should be 
considered simultaneously. 


The role of risk factors and risk assessment in 
prediction of clinical periodontal outcome has created 
huge interest. The point to be noted is that risk factors 
are associated with a disease but do not necessarily 
cause the disease. Though our understanding of risk 
elements has expanded, the identification of groups or 
individuals at risk of disease progression is still a 
challenge. 


Definitions and Terminology: 


Risk factor can be defined as any environmental, 


behavioral, or biologic factor that, when present, 
increases the likelihood that an individual will develop 
the disease. (Novak K & Novak M) 
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ontal Risk Assessment 


Syed Wali Peeran, Karthikeyan Ramalingam 
& Fatma Ahmed 


e Periodontal Disease Risk Assessment Test 
(Perio.org) 

e Sonicare/ Philips CARE tools for risk assessment 
(www.philpsoralhealthcare.com) 

e Periodontal Risk Assessment with neural 
networks: 


Review Questions. 


e Essay questions. 
e Short notes. 


Principal references and suggested further reading. 


Risk factor can be defined as Environmental or 

individual characteristic which directly increases 
(when present) or decreases (when absent) the 
probability of a subject to be affected by a 
disease. (Beck 1994) 


Risk factor is a factor that increases the 
probability of that disease developing in a given 
individual (like smoking, poor oral hygiene). It is 
biologically related to the occurrence of the 
event. (Burt 1991) 


Risk factor is defined as “any characteristic, 
behavior or exposure with an association to a 
particular disease. The relationship is not 
necessarily causal in nature. (Brownson & Pettiti 
1998) 


A risk factor is thought to be causal for a 
disease. As such, it should satisfy two criteria: |) it 
is biologically plausible as a causal agent for 
disease and, 2) it has been shown to precede the 
development of disease in prospective (forward 
design) clinical studies. (Philstrom 2001) Cy 
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Risk indicator is a factor which may predict the 
progression of a disease, either spontaneous or 
under treatment. (Papapanou 2005) 


A risk indicator is a factor that is biologically 
plausible as a causative agent for disease but has 
only been shown to be associated with disease in 
cross-sectional studies. (Philstrom 2001) 


Relative risk is the probability of developing 
disease if one is exposed to a given factor 
compared with the probability of developing the 
disease if one is not exposed to the factor. 
(Philstrom 2001) 


An odds ratio is defined as the odds of having 
disease if one is exposed to a risk factor 
compared with the odds of having the disease if 
one is not exposed to the same factor. (Philstrom 
2001) 


Risk is defined as “the probability that an event 
will occur in the future, or the probability that an 
individual develops a given disease or experiences 
a change in health status during a specified interval 
of time.” (Albandar JM, 2002) 


Risk marker/ indicator is a factor that indicates 
an increased probability of acquiring the disease; it 
does not imply cause and effect (like host defense 
products within the periodontal tissues or 
crevicular fluid). It indicates the presence of, or 
exposure to, risk factors. (Burt 1991). 


Risk assessment is a way of examining risks so 
that they may be avoided, reduced, or managed. 
(Philstrom 2001) 


Risk assessment is defined as “the process by 
which qualitative or quantitative assessments are 
made of the likelihood for adverse events to occur 
as a result of exposure to specified health hazards 


or by the absence of beneficial 
influences.” (American Academy of 
Periodontology 2008) 


According to the Medical Subject Headings 
(MeSH), risk assessment can be defined as the 
qualitative or quantitative estimation of the 
likelihood of adverse effects that may result from 
exposure to specified health hazards or from the 
absence of beneficial influences. 
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Interventional studies give the strongest evidence 


to establish a causal relationship of a risk factor. It can 
also provide evidence for clinical benefit by elimination of 
that risk factor. For a factor to be considered as risk, the 
exposure must occur before disease onset. 


RATIONALE OF PERIODONTAL RISK 
ASSESSMENT: 


lt varies among patients and is a function of both 
acquired and intrinsic risk factors 


DIAGNOSIS 


It is an expression of 
current disease status. 





Fig.39-1: Difference between diagnosis and risk 


assessment 
The following are the most accepted risk elements: 
Age. 
Gender. 


Genetic factors. 

Host response. 

Infection with HIV. 

Open proximal tooth contacts and Food impaction. 
Osteoporosis. 

Poor-controlled diabetes (Type | and Il). 
Socio-economic status. 

Specific pathogenic bacteria like P.gingivalis, 
T.forsythia, A.actinomycetamcomitans and microbial 
tooth deposits 


Stress. 
Tobacco smoking. 


Borrel and Papapanou have made a distinction 
between 


" Putative risk factors (non-modifiable 
background factors like age, gender, genetic 
polymorphisms) 


=" Modifiable risk factors (environmental, 


acquired and_ behavioral factors like 
microbiota, smoking, diabetes mellitus, 
osteoporosis, HIV infection, psychosocial factors). 


Periodontics & Oral Implantology 


Chapter 39 





Periodontal Risk Assessment ) 





Fig.39-2: Risk factors for chronic periodontitis 


Tonetti and Claffey have proposed that 


» True risk factors — specific bacterial species, 
smoke, diabetes (insufficient metabolic control). 


» Putative risk factors — gene polymorphisms, age, 
sOocio-economitatus, race/ethnicity, gender, 
psycho-social factors, osteoporosis/osteopenia, 
obesity. 


Novak considered 


» Smoking, diabetes, pathogenic bacteria and 
microbial tooth deposits as risk factors. 


= Age, gender, socio-economic status, stress and 
genetic factors as risk determinants. 


" HIV infection, osteoporosis and infrequent dental 
visits as risk indicators. 


Heitz-Mayfield et al considered, 


» True risk indicators — bleeding on probing, 
number of periodontal pockets. 


= Putative risk indicators -— presence of 
periodontal pathogens, bone _ loss/age _ ratio, 
components of gingival crevicular fluid. 


Diabetes mellitus, cigarette smoking, genetic 
influences, race, specific bacteria, low-education and 
inadequate dental attendance are considered recently 
as the established major risk factors for chronic 
periodontitis. The rest of the risk elements should be 
confirmed with longitudinal studies in the future. 
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Methods to assess periodontal risk: 


American Academy of Periodontology(AAP) 
statement on risk assessment - Utilizing risk 
assessment helps dental professionals predict the 
potential for developing periodontal diseases and 
allows them to focus on early identification and to 
provide proactive, targeted treatment for patients 
who are at risk for progressive! aggressive diseases. 


The AAP believes the clinical use of risk 
assessment will become a component ofall 
comprehensive dental and periodontal evaluations as 
well as part of all periodic dental and periodontal 
examinations. 


Many multi-factorial risk assessment models 
have been created to include relevant risk factors for 
future disease progression. Such models can identify the 
susceptibility of patients for incidence or recurrence of 
periodontal disease. These models take into account 
varying parameters related to periodontal infection, 
host response, genetic traits and disease signs. 


Some of the current methods include 


= Periodontal Risk Calculator (PRC) and Periodontal 
Assessment Tool (PAT), 


=» The hexagonal risk diagram for Periodontal Risk 
Assessment (PRA) 


The PreViser Risk Calculator TM 


= Periodontal risk assessment model developed by 
Chandra 


Simplified method (UniFe) — (University of Ferrara) 
for periodontal risk assessment. 
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Periodontal Risk Calculator (PRC): 


Page et al developed a computer-based risk 
assessment tool called PRC. It is used to assess risk in 
an objective and quantitative manner. 


They reported that “calculation of risk is a 
multi-step process involving mathematical algorithms 
that use 9 risk factors.” 


The risk calculation is based on mathematical 
algorithms that assign relative weights to 9 factors 
including patient age, history of smoking, diagnosis of 
diabetes, history of periodontal surgery, pocket depth, 
furcation involvement, restorations or calculus below 
gingival margins, radiographic bone height and vertical 
bone lesions. 


PRC assigns the risk at an individual level on a 
scale from | (lowest risk) to 5 (highest risk). 


Disadvantages of PRC: 


= Some of the elements used in PRC are not yet 
proven to be a risk factor 


= The mode of risk calculation is quite complex. 


= It appeared to be self-modifying and learn to 
adapt when more patients are entered into the 
system, treated and followed over time. 


» This prognostic value generated by this tool was 
in the absence of definitive periodontal treatment 
over the follow-up period and on assumption 
that baseline values did not change over time. 
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PreViser: 


PreViser.com was the first interactive 
online tool for perio risk assessment. Periodontal 
Risk Calculator was introduced by Page and 
colleagues in 2002. Few studies have validated the 
PreViser suite of assessments. 


The individual record is created online for 
each patient. The first assessment may take around 3 
minutes, but subsequent data entry takes only 
seconds. 


The traditional system of 6 pocket depth 
measurements per tooth is reduced to the deepest 
pocket for each sextant. PAT also needs the greatest 
distance from the bone crest to the CE] determined 
by radiographs, again using one measurement from 
each sextant. This reading has 3 categories: <2mm, 
2-4mm, and >4mm. 


The data entered includes, 


" History of smoking. 
= Diabetes status including HbAIC score. 
» Prior periodontal treatment. 


=» The deepest probing depth in each quadrant 
and bleeding. 


= Eyeball measure of bone loss. 


With this data, 2 Gum Disease Risk and 
Health Assessment Scores are provided. The Gum 
Disease Risk Score ranges from | (very low risk) to 
5 (very high risk). This score predicts the probability 
of the periodontal condition that will deteriorate 
without professional care. 


The Gum Disease Score ranges from | to 100. 


=» Score of | — health with no bleeding, no 
pockets, and no bone loss. 


=» Score 2-3 — inflammation without bone loss or 
pocketing. 


# Score 4-100 — current disease or past disease. 


The Gum Health Stability Score indicates 
duration of time; the patient has been periodontally 
stable. 


Treatment interventions are provided as an 
option including most likely, likely or least likely to 
be effective based on the provided data. 


For maintenance visits, previous data can be 
preloaded, so that the clinician just inputs the changed 
data. PreViser offers a 30-day free trial after which 
there is a practice charge and per-patient charge. 
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Periodontal Risk Assessment (PRA) model: 

Lang & Tonetti proposed the periodontal risk 
assessment model in 2003. It is a functional diagram with 6 
vectors based on six parameters (clinical, systemic and 
environmental factors). All these parameters are weighted 
equally to determine a person’s risk for progression of 
periodontal disease. It is available for no cost at www.perio- 
tools.com/PRA . 

It could be used to individualize risk and customize 
recall visits. It will be useful to optimize periodontal care, 
reduce treatment costs, avoid treatment, overestimation 
and minimize recurrence of periodontal disease and tooth 
loss. 

The PRA takes into consideration the following 6 
factors percentage of Full-mouth bleeding on probing, PD 2 
5mm, tooth loss, radiographic bone loss-to-age ratio, 
systemic and/or genetic conditions and smoking. 

The risk factors (Each factor has a minor, moderate and 
high-risk profiles) include: 
= Percentage of sites with bleeding on probing 
e <10% of surfaces — low risk. 
e >25% - high risk for periodontal breakdown. 
= Prevalence of residual pockets greater than 4mm 
e Upto 4 residual pockets are at low risk. 
e With more than 8 residual pockets are at high 
risk for recurrent disease. 
= Loss of teeth from a total of 28 teeth: 
e Upto 4 teeth lost are at low risk. 
e More than 8 teeth lost are at high risk. 
= Loss of periodontal support in relation to the patient's 
age (Bone loss divided by age = factor): 
e Upto 0.25 — low risk. 
e 0.5 — moderate risk. 
e 1.0 —high risk. 
» Systemic and genetic conditions 
e If known, it is considered as a risk indicator for 
recurrent disease. 
e If not known or absent, it is not taken into 
account for risk assessment. 
# Environmental factors like cigarette smoking. 
e Non-smokers and former smokers (more 
than 5 years since cessation) have low risk. 


e Occasional smokers (< 10 cigarettes per day) 
and moderate smokers (10-19 cigarettes per 
day) are at moderate risk. 

e Heavy smokers (smoking more than one pack 
per day) are at high risk. 
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Fig.39-4: https://www.perio-tools.com/pra/en/ 


It evaluates the risk of recurrence of 
periodontal disease at a patient level. It classifies 
patients into a low-risk, moderate-risk, and high-risk 
profiles. The combined evaluation of these factors 
provides an individualized total risk profile after active 
periodontal therapy. 


Calculating the patient’s individual periodontal 
risk assessment (PRA): 


There is an online periodontal risk assessment tool 
based on Lang & Tonetti risk assessment model at 
http://www.perio-tools.com/pra/en/. The users can fill 
up the risk factors and get the periodontal risk 
instantly. 


=» Low PRA patient has all parameters in the low- 
risk category or one parameter in the moderate 
risk category. (BOP is 15%, 4 pockets >5mm, 2 
missing teeth, Bone factor is 0.25, No systemic 
factors, Non-smoker). 


= Moderate PRA patient has at least two 
parameters in the moderate category or one 
parameter in the high-risk category. 


= High PRA patient has at least two parameters 
in the high-risk category. (BOP is 32%, 10 
pockets >5mm, !|0 missing teeth, Bone factor is 
|.25, No Systemic factors, Occasional smokers). 


Evaluating all the risk factors creates a polygon 
or spider web diagram to help the clinician to 
determine the risk for disease progression. The visual 
image will contribute to discuss the existing condition 
with the patient. 
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A low or no risk patient has a diagram with a focus 
on first and second center rings of the polygon. As 
the specific areas of risk increases, the shape of the 
web changes, with outward dips depicting high risk. 
Below are few functional diagrams depicting low 
risk(Fig 39-5), medium risk(Fig 39-6) and high 
risk(Fig 39-7). 
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Fig.39-6: Medium PRA patient 


lf the patient has all the 6 risk factors, the polygon 
will be balanced but full indicating a high risk. 


If the data collected at the baseline and recall visits 
are compared, the risk for recurrence of periodontal 
disease can be estimated. The _ progression’ of 
periodontitis was defined as an interproximal clinical AL 2 
3mm mm in 2 2 teeth between two different observation 
points (Fifth European Workshop of Periodontology). 


This model can be effective in monitoring 
individual risk variables in relation to recurrence of 
periodontitis and tooth loss. 
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Clinical reviews: 


PRA model has been validated by several clinical 
research studies. 


Costa FO et al reported that 18.6% - 21.3% 
patients under high risk had greater recurrence of 
periodontitis and tooth loss. They included bleeding on 
probing, smoking and diabetes, tooth loss, bone loss/age 
ratio as variables for tooth loss. 


Matuliene et al reported that 49.2% of high-risk 
patients, 42.2% of medium risk patients and 18.2% of 
low-risk patients had recurrence of periodontal disease 
and teeth loss. They considered only smoking as a good 
predictor for recurrence of periodontitis. 


Jansson and Norderyd concluded that PRA 
model overestimated the risk of disease recurrence. 
However, this study has a limitation due to small sample 
size of 20 patients. 


Disadvantages of PRA model: 


It was adapted only to patients in the 
maintenance phase by entering the several risk elements 
into the functional diagram. 


Lang et al in their recent systemic review 
indicated that risk assessment tools such as the 
Periodontal Risk Calculator or the Periodontal Risk 
Assessment (_ http://www.perio-tools.com/PRA/en/ 
index.asp ) predicted the periodontitis progression and 
tooth loss in treated populations. 
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Periodontal Risk Assessment model by Chandra: 


In 2007, Chandra proposed a new model based 
on PRA by Lang & Tonetti. It records the following 8 
parameters, 


" Full-mouth: Percentage of sites with bleeding on 
probing 

" Number of sites with pocket depth 2 5mm 

" Number of teeth lost 

" Clinical attachment loss/age ratio 

7 Diabetic Mellitus 

" Smoking status 


" Dental status-Other systemic factors interplay 
and risk determinants 


" Psychosocial factors 
Disadvantages: 


= Can be used only during maintenance therapy to 
evaluate the progression of periodontal disease 


= It could not be applied to the patient who visits the 
dental clinic for the first time. 


Simplified (UniFe) method for periodontal risk 
assessment: 


In 2009. Trombelli et al proposed this new 
objective method to simplify the risk assessment. It is 
based on 5 parameters from patient’s medical history 
and clinical recordings to which parameter scores are 
given. 


" Smoking status — non-smoker/former smoker/ 
current smoker. If current smoker, the daily 
consumption of cigarettes is recorded. 

e Non-smoker — 0 

e Former smoker — | 

e | — 9 cigarettes per day — 2 
e 10-19 cigarettes per day — 3 
e 220 cigarettes per day - 4 


= Diabetic status (Type | & 2) — non-diabetic/ 
controlled diabetic (HbAIc </% at last exam)/ 
poorly controlled diabetic (HbAIc 2 7% at last 
exam) 


® Non-diabetic — 0 
e Controlled diabetic — 2 


e Poorly controlled diabetic - 4 


Periodontal Risk Assessment ) 


= Number of sites with probing depth 2 5mm. 
The probing depth is from the gingival margin to 
the bottom of the pocket. It is usually recorded 
on 6 aspects of each tooth (mesio-buccal, mid- 
buccal, disto-buccal, mesio-lingual, mid-buccal, 
disto-lingual). It is better to you a manual 
pressure-sensitive probe like Hu-Friedy CP 1|2 
probe. 


e 0Q-I pockets — 0 
e 2-4 pockets — | 
e 5-7 pockets — 2 
e 8-10 pockets — 3 
e > 10 pockets — 4 


» Bleeding on probing score — recorded as 
positive when bleeding was present after probe 
insertion. It is calculated as a percentage of 
positive sites over the total number of probed 
sites. 


e 0-5% - 0 

e 6-16% - | 
e 17-24% - 2 
e 25-36% - 3 
e > 36%-4 


= Bone loss/age — records the number of teeth 
with a distance from CE] to alveolar crest 2 
4mm on at least one interproximal aspect 
(mesial or distal), as measured on radiographs. 
Age was expressed in years. 





Tab.39-1: Bone loss/age 
The algebraic sum of all parameter scores gives the 
5 risk scores. 


= Risk Score | — low risk (0-2) 

# Risk Score 2 — low-medium risk (3-5) 

# Risk Score 3 — medium risk (6-8) 

= Risk Score 4 — medium-high risk (9-14) 
= Risk Score 5 — high risk (15-24) 
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Disadvantages: 


» The number of parameters included in risk 
computation is limited 


= Relative predictive value of each parameter in 
contributing the overall risk score was arbitrarily 
assigned 


=» The summative or negative interaction between 
the considered risk factors/indicators were not 
accounted for during risk calculation. 


= Parameters like pockets and bone defects have 
only little value in prediction of disease 
progression. 


» It has to be validated by longitudinal studies with 
untreated patients of differing periodontal status. 


= Can be used only during maintenance therapy to 
evaluate the progression of periodontal disease 


= It could not be applied to the patient who visits 
the dental clinic for the first time. 


Periodontal Disease Risk Assessment Test 


(Perio.org): 


The American Academy of Periodontology 
(AAP) offers an online, periodontal disease risk 
assessment test. 


It covers 12 questions on age, sex, bleeding 
gums, loose teeth, recession, smoking, dental visits, 
flossing, health conditions (heart disease, osteoporosis, 
osteopenia, high stress or diabetes), history of gum 
infection, tooth extractions and family members with 
gum disease. 


After answering the questions, the user should 
click the get report button. The report indicates low, 
medium or high risk. The report also describes risks 
and symptoms of gum disease and what can be done 
about the disease. 


This risk assessment tool is a guide for 
consumer to educate them about gum disease and 
Suggest they see a dentist or periodontist for complete 
examination. 


Disadvantages: 


# The risk model is not scientifically validated. 
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Fig.39-8: Periodontal Disease Risk Assessment Test 


Sonicare/ Philips CARE tools for risk 
assessment (www.philpsoralhealthcare.com) 


These are online CARE tools (Customized 
Assessment and Risk Evaluator). A team of dentists 
and hygienists worked to develop this tool based on 
scientific evidence and best practices. 


It consists of several yes or no questions 
asked about the patient, which are entered into the 
record. Some of the questions asked about 
periodontal disease are as follows, 


=» Does the patient have a current or past 
diagnosis of periodontal disease? 


=» Has the patient lost teeth excluding 3rd 
molars or teeth removed for orthodontic 
purposes? 

=" Does the patient have radiographic bone loss? 
Choices are none, <20%, 20-40% or >40% 


= Does the patient have clinical and/or 
radiographic evidence of furcation involvement 
on any teeth? 


=" Does the patient have tooth mobility? Choices 
are none, |-2 teeth, 3-5 teeth or >6 teeth. 


» Does the patient have any _ pathological 
migration of teeth? 


= How many periodontal pockets with depths 
>5mm does the patient have? Choices are 
none, |-3 or >4 


=" Does the patient have gingival inflammation 
with bleeding upon probing on four or more 
teeth? 


» Does the patient have generalized gingivitis 
(>50% of gingival tissue involved)? 

=" Does the patient have gingival recession (more 
than 2mm on any teeth)? 


=" Does the patient have any unprompted gingival 
pain? 
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Fig.39-9: Sonicare/ Philips CARE tools for risk assessment 


On pressing the calculate button after entering the 
relevant answers, the assessment is calculated in a 4- 
level scoring system — low, medium, high and extremely 
high risk. 


» Low risk — it means that the patient does not 
have any disease indicators or risk factors for 
periodontal disease in the immediate future. The 
biofilm challenge is low. This may also mean that 
your patient may have one or more protective 
factors that help prevent or arrest the disease 
process. 


=" Moderate risk - patient may demonstrate one or 
more specific disease indicators, and one or more 
specific risk factors that may create moderate risk 
for the development or progression of periodontal 
disease in the future. You may want to refer this 
patient to a periodontal specialist. 


" High risk - Your patient may be at HIGH RISK 
for periodontal disease(s). This means your patient 
may have some form of periodontal disease as 
characterized by one or more specific disease 
indicators, and one or more specific risk factor 
that create high risk for progression of the 
disease. Referral to a periodontal specialist may be 
necessary. 


» Extreme risk - Your patient may be at 
EXTREME RISK for periodontal disease(s). This 
means your patient may have periodontal disease 
as characterized by severe bone loss and mobility 
on several teeth. Referral to a_ periodontal 
specialist may be necessary. 
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Fig.39-10: Sonicare/ Philips CARE tools for risk assessment 


Next, the recommended clinical guidelines can 


be reviewed for the assessed risk level 





. pris cralheahhcareccan 


m= Boa “anfies aie Bone Cc Eau free oe 





Fig.39-11: Sonicare/ Philips CARE tools-Care protocol suggestion 
A suggested care protocol can be customized by 
selecting the treatment options, oral hygiene 
recommendations, and suggested products 
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Fig.39-12: Sonicare/ Philips CARE tools for risk assessment- 
Set protocol 


Finally, the form can be customized with practice 
details and ready to be printed or saved as a pdf. 
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Fig.39-13: Sonicare/ Philips CARE tools for risk assessment- 
Customized patient handout 


Disadvantages: 
¢The risk model is not scientifically validated. 
DentoRisk: 


Lindskog and coworkers developed a 
computerized risk assessment and prognostication 
program (DentoRisk) that is used in conjunction with 
a skin test for inflammatory reactivity (DentoTest). 
This model used a combination of 20 factors, which 

Av both systemic and local predictors. 
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Periodontal Risk Assessment with neural 
networks: 


Neural networks could be used for problems 
when traditional methods cannot provide solution. A 
rule-based decision is not always possible in many 
clinical situations. 


They are computational devices that are in use 
for classification and survival prediction in many 
biomedical situations like colon cancer. 


Feed-forward networks has hidden layers. It 
can perform linear and non-linear relationships. 
Properly trained back propagation error networks 
can give reasonable answers when presented with 
inputs that they have never seen. The network can be 
trained with a representative set of input/target pairs 
and get good results without training the network on 
all possible pairs. 


Two such popular networks are Levenberg 
Marquardt (LM) & Scaled Conjugate Gradient 
Algorithms. 


It can be used for periodontal risk assessment. 
It can assess the burden of predicting periodontal risk 
from an array of risk factors. 


A well-trained feed-forward back-propagation 
artificial neural network using LM algorithm may be 
used as an alternative to predict future risk of 
periodontal destruction, in scenarios where specialist 
opinion is not possible. 


Clinical implications: 


Periodontal risk assessment may help clinicians 
to identify subjects with impaired periodontal 
prognosis as well as to determine the impact of 
treatment on periodontal prognosis. Such_ risk 
assessment models have molded the repair model of 
periodontal care into a wellness model, giving 
importance to prevention. 


Trombelli et al did a comparative study 
between UniFe and PAT scoring. They reported a 
good agreement between both methods. The 
difference in risk score was significantly explained by 
parameter scores of bleeding on probing and bone 
loss/age. They assumed that the risk factors/indicators 
that may affect the onset of periodontal disease are 
the same that are involved in the progression of the 
disease status. 
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Local Predictors 





Systemic predictors 


= Age in relation to = Bacterial plaque-Oral 
history of | chronic hygiene. 
periodontitis. = Endodontic pathology. 


» Family history of : 
chronic periodontitis. 


Furcation involvement. 


m Angular bony 


» Systemic diseases and dectructon 


related diagnoses. 
= Radiographic marginal 


skin bone levels. 


PI Result of 


provocation test. 


= Periodontal probing 


= Patient co-operation depth 


and disease awareness. 


Bleeding on probing. 
# Socio economic status. 


a Increased tooth 
= Smoking. mobility. 
= Clinicians experience. . Marginal dental 


restorartions. 
= missing teeth. 
» Abutment teeth. 


= Presence of purulence. 


Tab.39-2: Periodontal Risk Predictors (Modified from 
Lindskog et al., 2010) 

Studies reveal that absence of bleeding on 
probing may indicate periodontal stability during 
maintenance therapy. Hence, the tools should be able 
to differentiate periodontal disease progression from 
periodontal risk. The presence of bleeding on probing 
between 20 — 30% indicates high degree of disease 
progression, higher risk for further attachment loss at 
single sites. 


Page et al have reported that a patient with 
worse prognosis will require more therapy and their 
response to therapy is worse. If the patient has better 
prognosis, they need less therapy and respond better 
to therapy. 


Dannan suggests 3 steps namely — diagnosis, 
periodontal risk assessment, and prediction of 
disease progression. 


= Diagnostic elements include plaque score, probing 
pocket depth, level of clinical attachment, 
bleeding on probing, bone level, and other 
periodontal indices for a comprehensive 
examination and proper treatment planning. 
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=» Assessment of risk factors should be made 
analyzing all the major elements like age, 
gender, genetic factors, specific pathogenic 
microbes, smoking, diabetes mellitus, 
osteoporosis, HIV infection and psycho-social 
factors. The existence of risk factors may 
modify the treatment plan. 


» Risk assessment models like PRA could be 
applied during maintenance phase. 


Conclusion: 


To conclude, the established risk factors for 
periodontitis are specific pathogenic bacteria, 
cigarette smoking and diabetes mellitus. There are 
contradictions regarding the other risk elements, 
without any distinction among risk factors 
responsible for incidence and _ progression of 
periodontal disease. 


Further research with longitudinal and 
interventional studies will throw light and decide the 
future course of periodontal risk assessment. By 
using these risk assessment tools, you can assess the 
level of disease, risk of further progression, measure 
success of treatment and efficiency of self-care by the 


patient. 
Review Questions: 


Essay questions: 


I. Define risk assessment. Describe the 
Periodontal Risk Calculator (PRC). 


Short notes: 


2. What are the risk factors for chronic 
periodontitis. 
3. Write briefly about the Periodontal Risk 


Assessment (PRA) model. 


(| Treatment consideration in Periodontology 


Principal references and suggested further 
reading: 


Albandar JM. Global risk factors and risk indicators 
for periodontal diseases. Periodontol 2000 2002; 
29:177-206. 


American Academy of Periodontology statement on 
risk assessment. | Periodontol 2008; 79:202. 


Brownson RC, Pettiti, D. B. Applied epidemiology: 
theory to practice. New York: Oxford University 
Press; 1998. 


Chapple ILC. Periodontal disease diagnosis: current 
status and future developments. | Dent 1997; 25: 
3-15. 


Costa FO et al. Periodontal risk assessment model in 
a sample of regular and irregular compliers under 
maintenance therapy: a 3-year prospective study. J 
Periodontol 2012; 83: 292-300. 


Dannan A. Periodontal risk assessment; are we on 
the right track? AOSR 2011; I: 3: 162-167. 


Jansson H, Norderyd O. Evaluation of a periodontal 
risk assessment model in subjects with severe 
periodontitis. A 5-year retrospective study. Swed 
Dent J 2008; 32: |—7 


Kye W, Davidson R, Martin J, Engebretson S. 
Current status of periodontal risk assessment. | Evid 
Based Dent Pract. 2012 Sep;12(3 Suppl):2-I 1. 


Lang NP, Suvan JE, Tonetti MS. Risk factor 
assessment tools for the prevention of periodontitis 


progression a systematic review. J Clin Periodontol 
2015; 42 (Suppl. | 6): S59-S70. 


Section - VI 


Lindskog S, Blomlof J, Persson |, Niklason A, Hedin 
A, Ericsson L, Ericsson M, Jarncrantz B, Palo U, 
Tellefsen G, Zetterstrom O, Blomlof L.Validation of 
an algorithm for chronic periodontitis risk assessment 
and prognostication: risk predictors, explanatory 
values, measures of quality, and clinical use. | 
Periodontol. 2010 Apr;81 (4):584-93. 


Newman MG, Takei HH, Klokkevold PR, Carranza 
FA, editors. Carranza's Clinical Periodontology. 10 
ed. St. Louis, Missouri: Elsevier Inc; 2006. 


O’Hehir TE. Periodontal Risk assessment: examples 
of available programs. Creating a Perio Program for 
your practice. Part VI. Hygienetown. November 2014; 
3-5. 


Page R, Krall EA, Martin J, Mancl L, Garcia RI. Validity 
of Periodontal Assessment Tool® (PAT®) in 
predicting periodontal disease. Journal of the 
American Dental Association 2002; 133:569-576. 


Pihlstrom BL. Periodontal risk assessment, diagnosis 
and treatment planning. Periodontol 2000. 
2001 ;25:37-58. 


Rajesh S, Mathur LK, Nair MA, Rai N, Mathur A. 
Periodontitis Risk Assessment using two artificial 
Neural Networks-A Pilot Study. International Journal 
Of Dental Clinics 2010:2(4):36-40. 


Trombelli L, Farina R, Ferrari S, Pasetti P, Calura G. 
Comparison between two methods for periodontal 
risk assessment. Minerva Stomatol 2009; 58: 277-87. 


Periodontics & Oral Implantology 







CHAPTER 


Chapter Outline: 


¢ Treatment planning and rationale of periodontal 
treatment 

¢ TREATMENT PLAN 

¢ Phases of Periodontal treatment 

e Review Question 

¢ Principal references and suggested further reading: 


TREATMENT PLAN 


Treatment plan is the identification and prioritization of 
current and potential dental and periodontal needs, 
establishment of goals, and determination of intervention 
and outcome to meet the needs bases on prior 
assessment of findings. 


Emergency phase 


Non-Surgical Phase 


Maintenance Phase 


Surgical Phase Restorative Phase 


es 


Fig: Correct sequence of Periodontal treatment (Newman et al.) 
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RATIONALE OF PERIODONTAL TREATMENT 
e Local therapy: 
e Systemic therapy. 
HEALING AFTER PERIODONTAL THERAPY 
Review Question 
Principal references and suggested further reading: 


A treatment plan is a scheme for case management. It 
includes all procedures required for establishment and 
maintenance of oral health. 

Periodontal therapy is started after the establishment of a 
treatment plan. In case of emergencies, it may not be the 
case. 

Periodontal therapy plan should aim at establishing and 
maintaining the overall periodontal health of the 
dentition. 

The primary goal is to eliminate gingival inflammation and 
correction of conditions that cause and perpetuate it. 
This includes: 


° Elimination of root irritants 

° Pocket eradication and reduction 

° Establishment of gingival contours and 
mucogingival relation to preserve periodontal health 

: Restoration of carious areas 

° Correction of existing restorations. 
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Table 40-1: General overview of the major steps in a typical periodontal treatment plan: (Sweeting et al.) 


SI no: SEQUENCE OF MAJOR PHASES 
Address acute periodontal problems and manage pain. 


| 

2 Review and update medical and dental histories. 

3 Assessment of systemic risk factors and refer for medical consultation as needed. 
4 Extraoral examination. 

5 Oral pathologies evaluation. 

6 Assessment of periodontal risk and modifying factors. 

7 Periodontal examination of natural teeth and dental implants. 

8 Dental examination to include occlusal relationships and dental implants. 

8 Radiographic examination. 


lO Establish a definitive diagnosis. 
I | Generate a diagnosis-driven periodontal treatment plan and sequence of treatment. 


[2 Determine required adjunctive restorative, prosthetic, orthodontic and/or orthodontic treatments and 
sequence. 

13 Execute Phase-l therapy with consideration given to adjunctive use of chemotherapeutic agents. 

14 Re-evaluation of Phase | therapy 

[5 If end-points are not achieved, consider selective retreatment, need for surgical therapy, speciality 
referral or use of adjunctive diagnostic aids, e.g., microbial, genetic, medical lab tests, etc 

16 Determine interval for periodontal maintenance and continued assessment of periodontal status. 





No Treatment. 
lac Periodontal disease continues. 





Scaling and Root 


Periodontal Inflammation reduced. 
planing. 


Periodontal disease slowed. 





Surgical debridement of 


eats Thorough debridement than scaling and root planing. 


Periodontal inflammation is reduced. 





Resective periodontal 


+ Managable 3mm PD is achieved. 
erapy. 





Regenerative 


Tissue regained. 
periodontal therapy. 


Prognosis-excellent. 





SRE Hopeless teeth extracted. 
periodontal 

regenerative therapy + ‘ 

ieerp la el oemonert Prognosis-excellent. 





Combination of 
therapies. 


Table 40-2:Treatment options for periodontally involved teeth (Fugazzotto & DePaolli).. 
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Phases of Periodontal treatment: 


Preliminary Phase: 


Treatment of emergencies (relief of pain) 

|. Relief of pain: esp pain of endodontic/Periapical and 
periodontal origin. 

2. Treatment of active caries. 

3. Extraction of hopeless teeth. 


Phase I therapy (Etiotropic phase/Initial 
therapy/anti-infective/Non-surgical phase): 


It is directed to eliminate the etiologic factors of gingival 
and periodontal disease. If done successfully, this phase 
stops the progression of dental and periodontal disease. 
It is a definitive treatment for early to moderate 
periodontitis and an initial therapy for those expected to 
require periodontal surgery. 


¢ Plaque: 


# Limited plaque control instructions. The 
toothbrush is often the only hygiene aid indicated 
at this stage of therapy. 


= Comprehensive plaque control instruction. e.g., 
dental floss, interdental brushes, and wooden tips. 


¢ Scaling and Root Planning. 


¢ Temporary or permanent restorations of carious 
lesions depending on their prognosis. 


¢ Recontouring of defective restorations, e.g., Rough 
over contoured, overhanging restorations, etc. 


¢ Antimicrobial therapy. 

¢ Occlusal adjustment. 

¢ Minor orthodontic treatment. 

¢ Provisional splinting and prosthesis. 


Evaluation of response to Phase-I therapy (rechecking): 
Re-assessment of Phase one treatment is mandatory to 
determine success of phase |. It also lets us know the 
feasibility of proceeding to phase-2. 


¢ Pocket depth and gingival inflammation. 
¢ Plaque and calculus. 

¢ Dental caries. 

¢ Current smoking status. 


¢ Review of mobile teeth. 
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Phase Il therapy (Surgical Phase): 


After Scaling and root planning periodontal healing 
continues for up to 4-5 months in moderately advanced 
periodontitis and for up to 9 months in severely advanced 
periodontitis. So, adequate time should be allowed for the 
periodontal healing before periodontal surgery is carried 
over. 


e Periodontal therapy including placement of implants. 


e Endodontic therapy. 


Phase Ill therapy (Restorative Phase): 


Initial healing occurs within 6 weeks after periodontal 
surgery, but to assure stability of tissue contours, It may be 
desirable to postpone final restorative care until 5-6 months 
after periodontal surgery. 


e Final restoration. 
e Fixed and or removable prosthodontic appliances 


e Evaluation of response to the restorative 
procedures. 


e Periodontal examination. 


Phase IV therapy (Maintenance phase-periodic 
rechecking): 


It is the ongoing care at specified intervals. The ultimate 
aim of this phase is to prevent the recurrence of 
periodontitis and to maintain functionally healthy 
dentition. Regardless of the treatment provided, 
periodontal therapy will fail in the absence of periodontal 
maintenance. The following are rechecked: 


e Plaque and calculus. 

e Gingival condition (pockets, inflammation). 
e Occlusion, tooth mobility. 

e Other pathologic changes. 


Faroogi et al in a review found that the evidence for a 
specific recall (e.g, every 3 months) for all patients 
following periodontal therapy to be weak and that 
optimum frequency of the maintenance phase is unclear. 
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Overall plan for treatment of periodontal 
diseases (Ramfjord) 
Systemic therapy: 


= Physician consultation for treatment of systemic 
diseases if any. 


# Physician consultation for altering any medication that 
affects the periodontium 


= Encoragement if patients to quit tobacco use and 
enrollment of patients in tobacco cessation program. 


Hygienic therapy: 

=» Patient education and oral hygiene instruction. 
= Extraction of hopeless teeth. 

= Placement of temporary prostheses 

= Endodontic therapy. 

= Thorough scaling and root planning. 

# Use of local or systemic antimicrobial agents. 

= Temporary restoration of carious teeth. 


=" Correction or replacement of defective restorations 
that have overhangs. 


= Open margins 

= Open proximal contacts that result in food impaction. 
Corrective therapy: 

" Occlusal adjustment. 

# Fabrication of occlusal guards or biteplanes. 

# Orthodontic treatment. 

= Implant placement 


# Periodontal surgery for debridement, resection or 
regeneration. 


Periodontal maintenance: 
= Update of the medical and dental histories. 
= Radiographic review. 


=» Extraoral and intraoral soft and hard tissue 
examination. 


# Periodontal evaluation. 


= Removal of the bacterial flora from crevicular and 
pocket areas. 


# Scaling and root planing where indicated. 
" Polishing of the teeth. 


=" Areview of the patient's plaque control efficacy 
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Section - VIII 
Review Questions 


Short notes: 
|. Write a short note on periodontal treatment plan. 


Principal references and suggested further 
reading: 


@ Balshi TJ. Sequential treatment planning. Gen Dent. 1981; 
29(2):1 13-7. 

@ Farooqgi OA, Wehler CJ, Gibson G, Jurasic MM, Jones JA. 
Appropriate Recall Interval for Periodontal Maintenance: 
A Systematic Review. | Evid Based Dent Pract. 2015 
Dec;15(4):1 71-81. 

@ Fugazzotto PA, DePaoliS. Examination and diagnosis. In: 
Fugazzotto PA, Hains F. Periodontal-Restorative 
Interrelationships: Ensuring Clinical Success. John Wiley 
& Sons; 201 1:3-29. 

@ Newman MG, Takei HH, Klokkevold PR, Carranza FA, 
editors. Carranza's Clinical Periodontology. | 0 ed. St. 
Louis, Missouri: Elsevier Inc; 2006 

@ Pihlstrom BL. Periodontal risk assessment, diagnosis and 
treatment planning. Periodontol 2000. 2001; 25:37-58. 

@ Ramfjord SP. A rational plan for periodontal therapy. | 
Periodontol 1953: 24: 75-87. 

@ Sweeting LA, Davis K, Cobb CM. Periodontal Treatment 
Protocol (PTP) for the general dental practice. J Dent 
Hyg. 2008; 82 Suppl 3:1 6-26. 
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RATIONALE OF PERIODONTAL TREATMENT: 


Periodontal treatment if carried out aptly can 


Eliminate pain and discomfort. 
Reduce and eliminate gingival inflammation and its 
signs 
o Bleeding on probing. 
Reduce and eliminate periodontal disease. 
o Decrease and may eliminate periodontal 
pockets. 
Oo Stop suppuration/ pus formation. 
o Arrest tooth mobility 
o Arrest the destruction of periodontium 
(soft tissue damage and bone loss). 
Prevent recurrence of the disease. 
Establish occlusal function and improve comfort. 
Restore physiologic contours of the tissues and 
improve aesthetics. 
Result in regeneration of the lost periodontium. 
Reduce tooth loss. 
Helps in maintaining the function of the dentition. 


Local therapy: 

It forms the backbone of periodontal treatment. It is 
focused on the removal of plaque that initiates the 
periodontal inflammation and kicks in the disease. 


Removal of the plaque: Plaque is the prime 
cause of gingivitis and periodontitis that can be 
prevented. Hence, the removal of plaque is an 
integral part of periodontal therapy. 

Elimination of plaque retentive areas: 
Factors that help in plaque accumulation are to 
be eliminated to help in better plaque control. 


Calculus, food impaction, overhanging 
restorations and anatomic variations are all to be 
eliminated. 

Elimination of trauma from _ occlusion: 
Elimination of trauma does not stop the 
periodontal disease but helps in periodontal 


tissue healing, bone regeneration and gain of 
attachment. 


Systemic therapy: 


Antibiotic therapy: is used in periodontal treatment 
To prevent bacteraemia after periodontal therapy. 
In treatment of aggressive periodontitis. 

In treatment of recurrent periodontitis. 


Host modulation therapy. 
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Local factors that improve 
Periodontal healing. 


Local factors that delay 
Periodontal healing: 


eTrauma to tissues. 
eRough tissue handling. 
eExcessive tissue manipulation. 
¢Foreign body presence. 
Repetitive subgingival scaling and 
root planing. 
eSmoking. 


eAdequate blood supply. 
ePeriodontal debridement. 
eUndisturbed wound area. 
ePressure on the wound. 


Fig 40-2 : Local factors that affect periodontal 
healing. 





Systemic factors that delay 
periodontal wound healing: 


Systemic factors that improve 
periodontal healing: 


¢Proper and adequate nutrition. eAgeing. 


°Diabetes 

eSystemic stress. 

¢Medications: 
¢Glucocorticosteroid administration- 

cortisone. 

eIncreased levels of hormones: 
eTestosterone. 
eACTH. 


Fig 40-3 : Systemic factors that affect 
periodontal healing. 


HEALING AFTER PERIODONTAL THERAPY: 


PERIODONTAL REGENERATION: Restoration of lost 
periodontium. (Glossary of periodontal terms, 2001!) 
REGENERATION: Reproduction or reconstitution of a lost 
or injured part. (http://members.perio.org/libraries/glossary? 
ssopc=| assessed on 2nd Feb 2016)} 

NEW ATTACHMENT: The union of connective tissue or 
epithelium with a root surface that has been deprived of its 
original attachment apparatus. This new attachment may be 
epithelial adhesion and/or connective adaptation or attachment 
and may include new cementum. (Glossary of periodontal 
terms, 2001) 

REATTACHMENT: To attach again. The reunion of 
epithelial and connective tissue with a root surface following 
separation by incision or physical injury (not by disease). Not to 
be confused with new attachment. (http://members.perio.org/ 
libraries/glossary?ssopc=| assessed on 2nd Feb 2016) 

REPAIR: Healing of a wound by tissue that does not fully 
restore the architecture or the function of the part. (Glossary 
of periodontal terms, 2001) Repair is healing with scar tissue 
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Review Questions 
e Inadequate plaque control. 


e Incomplete subgingival 
debridement. 


Short notes: 
|. What is the rationale of periodontal treatment? 


Principal references and suggested further 


e Tobacco smoking. 


e Poorly controlled diabetes. reading: 
. = Caffesse RG, Mota LF, Morrison EC. The rationale for 
®& 9 9 
Genetic factors. periodontal therapy. Periodontol 2000. 1995 Oct; 
Common reasons for 9:7-13. 
poor responses to # Guo S, DiPietro LA. Factors Affecting Wound Healing. 
eriodontal treatment Journal of Dental Research. 2010;89(3):219-229. 
x = Newman MG, Takei HH, Klokkevold PR, Carranza FA, 





Fig 40-4: Common reasons for poor editors. Carranza's Clinical Periodontology. 10 ed. St. 
Louis, Missouri: Elsevier Inc; 2006. 


responses to treatment 
= Ramfjord SP. A rational plan for periodontal therapy. J 
Periodontol 1953: 24: 75-87. 
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Non-Surgical Methodology 
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Chapter Outline: 


Instrument Identification 

Instrument handles 

Shank design 

Working design 

Classification of Periodontal Instrumentarium 
Assessment Instruments 

Explorers 

Mouth mirrors 


Scaling, Root Planing and Curettage Instruments/ 
Calculus Removal Instruments 


Curettes 

Schwartz periotrievers 
Hoe scalers 
Periodontal Files 


Diamond-coated files 

Ultrasonic and sonic instruments 
Periosonic system 

Instrumentation for dental implants 
Prophylaxis instruments like Rubber cups 
Surgical Instruments 

Excisional & Incisional Instruments 
Surgical Files 

Surgical Curettes and Sickles 
Periosteal Elevators 

Surgical Chisels and Hoes 

Scissors and Nippers 

Review Questions 

— Essay Questions 


Chisel Scaler — Short notes 


* Quetin furcation curettes ¢ Principal references and suggested further reading 


<> Double-ended instruments are more efficient, as 
the operator has to simply flip the instrument to 
use the other working end. 


Several kinds of instruments are used in periodontology 
starting from diagnosis to treatment. lt encompasses a wide 
range starting manual instruments to automated devices. 


¢ The hand instruments are composed of 3 parts — ¢ The working ends of double-ended instrument 


Shank, the active part — blade/working end and the include 
handle. <> Paired working ends — exact mirror images of 
<> Instruments are available as single-ended and each other. 


double-ended configuration. <> Unpaired (Dissimilar) working ends — like 


<> Single-ended instruments are less efficient to use, explorer-probe combination 


as the operator has to pause multiple times to 
change for the next instrument. 


@ A balanced instrument has its working-ends aligned 
with the long axis of the handle. The applied finger 
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pressure is transferred to the working end, resulting Shank design: 


in pressure against the tooth. 
Instrument identification: 


Each periodontal instrument has a unique design name and 
number. 
¢ Design name — it identifies the school or individual 
originally responsible for the design or development 
of an instrument or group of instruments. Dr. 
Clayton H. Gracey designed 14 original single-ended 
instruments and this series bears his name as 
“Gracey.” 


@ Design number — it helps to identify the working 
end. For example, Gracey | | 


@ Both design name and number are usually stamped 
on the handle of the instrument. 


@ Working-end identification — a double-ended 
instrument has two design numbers, one to identify 
each workingend of the instrument. For example, 


Gracey I 1/12. 
The part of each instrument is referred to as the blade 


(working end), shank and handle (shaft). 
Instrument handles: 


It is available in wide variety of diameters and textures. 
Handle design is important to prevent musculoskeletal 
injury during instrumentation. The characteristics to be 
considered include weight, diameter, and texture. 
@ Weight — Light weight, hollow handles are less 
stressful on the muscles of hand and fingers. 
@ Small diameter, heavy or solid metal handles are 
difficult to hold and tend to cause muscle cramps. 
@ Large diameter handles are easy to hold and decrease 
muscle strain 
@ Knurling/texturing gives maximum control to the 
instrument and reduces muscle fatigue. 
@ Handles without texture decrease instrument control 
and increases muscle fatigue. 
Dong et al in a laboratory-based study found that selecting 
instruments with large diameter (10mm) and lighter weight 
resulted in a decreased muscle load and pinch force during 
periodontal scaling procedure. 
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The shanks of most instruments are bent in one or 
more places to facilitate placement of the working 
end against the tooth surface. 


Simple-shank/ straight shank is bent in one plane 
(front-to-back). It is usually used in anterior teeth. 


Complex-shank/ angled or curved shank is bent in 
two planes (front-to-back and side-to-side). It is used 
in posterior teeth. 


Rigid shank is larger in diameter and used to remove 
heavy calculus deposits swiftly and with less effort. 


Flexible shank with thinner diameter enhances the 
tactile sensation. It is ideal for assessment instruments 
like explorers to locate calculus, hidden beneath the 
gingival margin which is not visible to the naked eye. 
The vibrations from the working end are transmitted 
to the fingers and aids clinical evaluation. 


Functional shank is the portion that allows the 
working end to be adapted on the tooth surface. 


Short functional shanks are used on the crowns of 
the teeth. 


Long functional shanks could be used on both the 
crowns and roots of the teeth. 


Lower shank or terminal shank is the portion 
nearest to the working end. A general rule is that the 
lower shank should be parallel to the surface to be 
instrumented. 


Extended lower shank which 3mm _ longer than 
standard can be used for deep periodontal pockets. 


Table 41.1: Shank design and use 


Simple, Short Lower shank Anterior teeth — Supragin- 


Simple, Long Lower shank 


Complex, Short lower 
shank 
Complex, Long lower 
shank 


gival 

Anterior teeth — Subgingi- 
val 

Posterior teeth - Supragin- 
gival 

Posterior teeth - Subgingi- 
val 
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Working design: 


To determine the use of instrument, the design of the 
working end should be assessed at the face, back, lateral 
surfaces and cutting edges — toe/tip. 


Classification of Periodontal Instrumentarium 


A variety of instruments are used during periodontal 
treatment including manual, sonic and ultrasonic scalers, 
alternate movement and laser instruments. 


The main instruments used as manual scalers include 
curettes, files, hoes, and sickles. 


Periodontal instruments are classified according to the 
purpose they serve, as follows: 


@ Assessment instruments 
<> Periodontal probe 
e Manual periodontal probes 
— Williams probe 


— University of North Carolina Probe 
(UNC-15) 


— Community Periodontal Index = of 
Treatment Needs (CPITN) probe or 
World Health Organization (WHO) 
probe 


— Naber’s probe 
— Marquis color-coded probe 
— Goldman Fox probe 
— University of Michigan “O” probe 
— With William’s markings 
— The markings are at 3,6,and 8 mm 
e Computerized periodontal probes 
— Florida probe 
— Toronto automated probe 
<> Explorers 
e Shepherd’s Hook explorer 
e Pigtail/Cowhorn explorer 
e Orban's type explorer 


e |1/|2-type explorer 
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Periodontal Instrumentarium 
@ Scaling, Root planing, and Curettage instrument or 
Calculus removal instruments 
<> Hand instruments 
e Sickle Scalers 
e Curettes 
— Universal curettes 
— Area-specific curettes 
e Hoe 
e Chisel 
e File scalers 
<> Powered instruments 
e Ultrasonic instruments 
e Sonic instruments 
@ Surgical instruments 
Excisional and incisional instruments 
Surgical curettes and sickles 
Periosteal elevators 
Surgical chisels 
Surgical files 


Scissors 
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Hemostats & tissue forceps 
Plastic instruments 


@ Polishing instruments 
Assessment Instruments 


Periodontal probe: 


Probe: A slender instrument with a blunt end suitable 
for use in exploring a channel, wound, sinus, pocket, etc. 
(Glossary of Periodontal Terms, 2001) 


Periodontal Probe: A calibrated probe used to measure 
the depth and determine the configuration of a periodontal 
pocket. (Glossary of Periodontal Terms, 2001) 


A calibrated slender instrument with a blunt end used to 
assess the health of periodontal tissues. It is similar to a 
miniature ruler and marked in millimeter units. It is used 
for making intraoral measurements. 
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Classification: 


In 1992, Philstrom et al 
3 generations. 


classified probes _ into 


First generation probes — conventional, manual probes that 
do not control probing force or pressure. They are not 
suitable for automatic data collection. 


Second generation probes — constant-force or pressure- 
sensitive probes have improved standardization of 
probing. 


Third generation probes — These probes have control for 
probing force. Computer-assisted direct data capture helps 
in reducing examiner bias and increased probe precision. 


In 2000, Watts extended this classification by adding fourth 
and fifth generation probes. 


Periodontal probing is one of the most common methods 
used in diagnosing periodontal disease. It is used 


@ To measure the depth of the gingival sulcus. 

@ To measure the width of attached gingiva. 

@ To measure clinical attachment levels. 

@ To assess the presence of bleeding. 

@ To assess the presence of purulent exudate 

@ In relation to the Periodontal pocket: 

To locate the periodontal pocket. 

To measure the depth of the periodontal pocket. 
To measure the loss of attachment. 


To mark the outline of periodontal pocket. 
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To determine the configuration of a periodontal 
pocket. 


<> To determine the course of the periodontal 
pocket. 


@ To evaluate the contour of bony defects (Transgingival 
probing), enlargements (tori, ledges) and other 
abnormalities. 


@ In relation to the furcation areas: 
<> To evaluate the anatomy of furcation areas. 
<> To evaluate the furcation involvement. 


@ To measure the size of oral lesions. 
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Design of periodontal probe: 


@ The working end of the periodontal probe is blunt 
rod-shaped and either round or rectangular (flat) in 
cross-section. 


@ Calibration: The working end is marked in 


millimetres. 


@ Colour coding: Black colour bands of several 
millimetres are marked over the working end of the 
probe. 


@ The probe is made of stainless steel or plastic material. 


@ The tip of the probe is called tine of the probe. 
Probing technique: 


@ Probing depth is recorded along six points around 
each tooth: distofacial, facial, mesiofacial, distolingual, 
lingual and mesiolingual. 


@ The probing measurements are always rounded 
upwards to the next highest millimetre. 


@ Probing angulation: The calibrated probe is inserted 
parallel to the vertical axis of the tooth, and Walked/ 
stepped circumferentially to determine the deepest 
point of the penetration. 


@ Probing force: Periodontal probing should be done 
gently. With forces of upto 30 grams, the tip of the 
probe remains within the junctional epithelium and 
50 grams are necessary to diagnose osseous defects. 
The ideal probing force is 20 pounds. 


@ The pressure used to place the probe tip at the base 
of the periodontal sulcus/pocket was approximately 
50 N/cm2(0.20gms) and at the base of the junctional 
epithelium, 200 N/cm2. 


¢ Degree of gingival inflammation:There is no bleeding 
upon probing in the healthy sulcus because blood 
vessels in the connective tissue are not injured by 
the probe. 


<> In the presence of inflammation, the probe tip 
penetrates the base of the junctional epithelium and 
overestimates pocket depth or attachment level. 


<> In the absence of inflammation, however, the 
probe tip does not reach the base of the 
junctional epithelium, resulting in pocket depth or 
attachment level readings that are too small. 
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<> Therefore, presence or absence of tissue 
inflammation can_ significantly affect probing 
measurements, and data especially change in 
probing depth or attachment level, must be 
interpreted cautiously.(Hetfti) 


@ Proper identification of CEJ and relative attachment 
level is necessary for proper recording of attachment 
level. 


The standard error in probe measurements is approximately 
| mm,and the minimum significant change that can be 
reliably detected is about 2mm. 


Types of Periodontal Probes 


Williams probe: 


It was developed by C.H.M Williams. It is one of the most 
popular periodontal probes. It has a thin, stainless steel tip 
of 13mm length and rounded tip end. 

The tip diameter was |.0mm.The markings are 

| ,2,3,5,7,8,9 and!Omm. The probe tip and handle is at 

| 30° handle. This probe could be considered as a 
prototype for Merritt probes and University of Michigan 





Fig. 41.1 Williams Probe 
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probe with William’s markings (1,2,3,5,7,8,9, | 0) 


@ University of North Carolina probe (UNC-1I5): The 
markings are at 1|,2,3,4,5,6,7,8,9,10,11,12,13,14 and 
I5. The probe has a color coding at the 5th (4-5), 
lOth (9-10) and [5th (14-15) millimeters. 


Periodontics & Oral Implantology 


Periodontal Instrumentarium 


Community periodontal index of treatment needs 
(CPITN) probe/WHO (World Health Organization) 
probe: 


It is different from other probes, as it has a 0.5 mm ball at 
the end of 16mm long tip and color coding from 3.5 to 5.5 
mm. The ball-end helps to detect root surface roughness 
like calculus. 


@ CPITN- E (epidemiological): 0.5, 3.5, 5.5. 
@ CPITN-C (clinical):0.5, 3.5, 5.5, 8.5, 11.5 
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Fig. 41.3: CPITN Probes (A. WHO-Epidemiological 
Probe, B & C WHO-Clinical) 


@ Nabers probe: It has a curved shank to allow easy 
access into the separation area of the roots. It is used 
in examining pathological furcation involvement. 





Fig. 41.4: Furcation Probes (A. Nabers Probe, B. 
Cowhorn Probe) 


@ Marquis color-coded probe: calibrations are in 3 mm 
sections. 
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Fig. 41.5: Marquis color-coded probe 


@ Goldman and Fox probe: The markings are from one 
to 10 millimeters at an interval of | millimeter except 
at 6th mm.(1,2,3,5,7,8,9and 10) 
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@ University of Michigan “O” Probe: with Williams’s 
markings (at 1,2,3,5,7,8,9 and |!Omm). 
Michigan “O” Probe: markings at 3,6 and 8 mm. 
Drellich probe 
Cross probe 


Gilmore probe 
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Color-coded probe with black bands of 3mm in 
length. The millimeter markings are at 3-6-9-12 mm. 


Second-generation probes: 


The probing pressure as measured at the probe tip 
should not exceed 0.2 N/mm2. It helps to improve the 
standardization of probing pressure. 


The first true pressure-sensitive periodontal probe was 
developed by Gabathuler and Hassell (1971). It has a 
standard ZIS periodontal probe and a small piezoelectric 
pressure sensor, which was attached to the non-probing 
end of the probe tip. 


A true pressure sensitive probe (TPS) probe was introduced 
by Hunter in 1994. It has a disposable probing head and 
a hemispheric probe tip of 0.5mm diameter. A controlled 
probing pressure of 20gm is usually applied. These probes 
have a visual guide and a sliding scale where two indicator 
lines meet a specified pressure. 


The other probes include, 
@ Pressure-sensitive probe by Armitage 
@ Pressure probe by Vander velden and de Vries 


@ Electronic pressure-sensitive probe by Polson et al.A 
variety of probing tips could be attached to handpiece. 
It is currently known as Yeaple Probe and is used for 
studies in dentinal hypersensitivity. 


@ Simple, constant force periodontal 
Borsboom 


probe by 


Third generation (Automated) probes: 
The second-generation probes had errors in probe reading, 
data recording and calculating level of attachment. 
Foster-Miller Probe: 


It is the prototype of 3rd generation probes. It was devised 
by Jeffcoat et al. It is an automated probe designed to 
clinically evaluate periodontal pocket depth and measure 
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attachment level. It can automatically detect cementoenamel 
junction which is a better landmark than gingival margin 
that may change on inflammation or recession. 


Its disadvantage is that it can deem root roughness or root 
surface irregularities as CE]. 


Florida probe: 


Florida Probe system®(http://www.floridaprobe.com/), 
was developed by Gibbset al in 1988. 


lt is comprised of a probe handpiece, a digital display, foot 
switch, a computer interface and computer. The probe tip 
initially looked like a Michigan ‘Oprobe tip. It had a taper 
and was 0.4mm in diameter at the spherical end. 


The probe tip reciprocates through a sleeve connected to 
a mobile arm. This movement is transferred to a transducer 
with digital display. The variable probing force is routinely 
fixed at 1.99N/mm2 or 0.25N. 


Its features included application of a constant force during 
probing, accurate electronic assessment and data capture 
with computerized storage. In addition, the components 
that are in contact with the subject/patient could be 
sterilized. 


Two versions (Stent probe and Disk Probe) to assess the 
relative attachment levels are available. The stent probe 
has an acrylic stent for reference during probing and ease 
repetition. The disk probe has small metal disk attached to 
a sleeve. The reference point is the occlusal surface or the 
incisal edge of a tooth. (Hefti et al. (1997) 


Toronto automated probe: 


It was developed by Bireket al and McCulloch et al in 
1987. It applies a precise probing force with reproducible 
probing angulation. It also collects and stores data in 
electronic format. 


The probe comprises a 0.5 mm diameter co-axial wire 
coupled to a digital length gauge. This setup is surrounded 
in a plastic sheath. An electric torque motor within the 
length gauge can generate a probing force of 0.1N to 0.9N 
or a probing pressure of 0.51N/mm? to 4.58 N/mm?. 


The incisal or occlusal tooth surface is used as a reference 
landmark to calculate the relative attachment level. The 
probing data is digitized. 
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Karim et al in 1990 reported that the mercury switch in 
Toronto probe guarantees reproducible probe angulation. 
This switch forced the examiner to hold the probe within 
+ 100 of a vertical position. 


Tessier et al in 1994 reported a modification with 
measurement of probe penetration velocity. 


Interprobe (http://www.interprobe.com/): 


It is also known as Perio probe. It has a flexible probe tip 
which curves with the tooth as the probe enters the pocket 
area. Stainless steel probes push the gingiva away from the 
tooth and cause pain. 


lt can produce accurate readings with |5gm of pressure. 


Silva-Boghossian et al in a systematic review found that the 
manual as well as electronic probe, when used by calibrated 
clinicians, is equally reliable. 


Fourth generation probes: 


It is a three-dimensional probe that measures sequential 
probe positions. It is still under development and invasive 
in nature. 


Fifth generation probes: 


lt is a non-invasive probe used for painless probing. It 
does not cross junctional epithelium, as ultrasound waves 
detect, image and map the upper boundary of periodontal 
ligament. It can store data on the computer and it can be 
used for patient education. 


These are expensive and needs a learning curve. The 
operator needs to understand the computer images. 


Ultrasonographic probe: 


lt was devised by Hinders and Companion at the NASA. This 
small intraoral probe has an ultrasound beam projection 
area to inspect the areas between the teeth and image the 
periodontal ligament space. 


lt measures the echoes from the periodontal pocket and a 
signal processing routine aids in interpretation. 


The ultrasonic signals can echo directly off the tooth 
surface. If the tooth surface is covered with tissue, the 
echo will be attenuated. 
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Non-periodontal probes: 


Calculus detection: 


@ Perioscopy — Based 


Technology 


Fiberoptic | Endoscopy 


¢ DetecTar — Spectro-optical technology 
@ Diagnodent — Autofluorescence based technology 
@ Calculus detection and removal 

<> Perioscan — Ultrasound technology 

<> Keylaser3 — Laser-based technology 


Perioscopy (Perioscopy Inc., USA) is a modified medical 
endoscope that is used exclusively for periodontal purpose. 
lt causes minimal tissue trauma and can visualize subgingival 
root surface, tooth structure and calculus in real time ona 
display monitor. 


DetecTar (Dentsply Professional, USA) probe is a calculus 
detection probe. It has a light weight, well-balanced 
handpiece that produces an audible beep to signify calculus 
detection. It is expensive, and handpiece is bulkier than 
a standard periodontal probe. It has a potential for false 
positive and false negative results. 


Diagnodent detects the fluorescence of various non-metal, 
metal porphyrins and chromatophores when irradiated 
with a certain wavelength light (628-685 nm, 477-497 nm). 
Ic uses Indium Gallium Arsenide Phosphate (InGaAsP) 
based red laser diode. 


Perioscan (Sirona, Germany) is an ultrasonic device that 
could differentiate between calculus and healthy root 
surfaces. The instrument shows a blue light when calculus 
is present and greenlight when healthy root surface is 
reached. It can also remove calculus deposits by switching 
modes from detection to removal. 


Keylaser3 uses 655nm InGaAsP diode for calculus detection 
and 2940nm Er:YAG laser for treatment. Older versions of 
Keylaser | and 2 can be used only for calculus removal.A 
scale of 0-99 is used for calculus detection.Values exceeding 
40 indicates definite presence of mineralized calculus. Its 
cost could be a limiting factor. 


(| Treatment consideration in Periodontology 
Periodontal Disease Evaluation System: 


The Diamond Probe/ Perio 2000 system can detect 
periodontal disease by measuring relative sulphide 
concentrations, as an indicator for gram-negative bacteria 
activity. It has a single-use disposable probe tip with 
microsensors. Hence, it can detect periodontal disease 
at an early stage. Pathogens that do not produce volatile 
sulphur compounds are also associated with periodontal 
disease, and these disease sites could be missed. 


The Periotemp Probe is a temperature-sensitive probe 
that detects early inflammation in gingival tissues by 
measuring temperature variations. It can detect pocket 
temperature differences of 0.1°C from a _ reference 
subgingival temperature. This probe has two light indicating 
diodes: red-emitting diode indicates higher temperature 
with increased risk for future attachment loss and green- 
emitting diode which indicates a lower temperature and 
lower risk. 


EXPLORERS 


An explorer is an assessment instrument with a thin flexible, 
wire-like working end which is circular in cross-section and 
ends in a sharp point. The explorer tips could be made of 
stainless steel, carbon steel or alloys. 


Uses: 
@ To locate dental caries and examine carious lesions. 


@ To examine tooth surface for dental anomalies and 
anatomic features. 


@ To detect calculus and deposits. 
@ To examine the margins of restorations. 


@ To check the smoothness of the root surfaces during 
and after scaling and root planing. 


Shepherd’s Hook (23) Explorer: 


@ This instrument is generally single-ended or is paired 
with the no. |7 explorer, when it is called no. 5 
explorer. 


@ It is used primarily for detecting caries, examining 
restoration margins, evaluating the pits and fissures 
of the tooth’s supragingival surface. 


@ It has a thicker shank and working end than other 
explorers, which makes it more rigid. 
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@ The rigidity enhances its role in caries detection but 
limits its role in calculus detection. 


@ Its shape also hinders adaptation 
interproximally and in furcation areas. 


subgingivally, 


Pigtail/Cowhorn explorer: 


@ This explorer is referred to as the pigtail or cowhorn 
because of its design a double-ended paired instrument 
that is easily adapted throughout the mouth. 


@ The working end is curved, and the shank is thin, the 
instrument has universal application. 


It is used for calculus detection in gingival sulcus and 
shallow pockets. E.g.: 3CH explorer 


Orban’s-type Explorer: 


@ This single instrument is ideal for calculus detection 
inter-proximally and in deep periodontal pockets. 


@ Its long, thin shank and fine 2 mm tip allows easy 
access to deep, narrow periodontal pockets. 


@ The tip is set at a 90-degree angle to the shank, 
and the back of the tip is designed to avoid tissue 
laceration when it is used correctly. 


@ Closed adaptation of the tip to the tooth must be 
maintained at line angles and on curved tooth surfaces 
in order to avoid tissue trauma. E.g.: No: |7 explorer. 


11/12-type explorer: 


It has an advantageous design which makes it useful for 
assessing the root surface both in anterior and posterior, 
as well as in shallow and deep periodontal pockets. The 
shank design is long and complex similar to that of Gracey 
[1/12 curette. 


Mouth mirrors: 


These instruments are used for indirect vision, illumination, 
transillumination and as a retracting device. Mirrors come 
in a variety of types and sizes. On the basis of the image 
produced, there are 3 types of dental mirrors, 


@ Plane surface/ Flat Mirror — Difficult to use clinically 
due to its double images 


@ Front surface/ Concave mirror — It is the most 
common type of mirror used. It gives a single, same- 
size image. 
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@ Concave mirror — It produces a magnified image. 


There are double-sided mirrors that can be used for 
indirect vision and retraction at the same time. 





Fig. 41.6: Mouth mirror 


Scaling, Root Planing And Curettage 
Instruments/Calculus Removal Instruments: 


They are instruments used for removal of calcified 
deposits, removal of dead and altered cementum from the 
root surface, and debridement of the pocket wall. Scaling, 
root planning, and curettage instruments are classified as 
follows: 


Hand instruments: 
@ Sickle Scalers 
¢ Curettes are fine instruments used for subgingival 


scaling, root planing, and removal of soft tissue lining 
the pocket. 


@ Hoe 
@ Chisel 


@ File scalers are used to remove tenacious subgingival 
calculus and altered cementum. Their use is 
limited compared with that of curettes. 


Powered instruments: 
@ Ultrasonic and Sonic Instruments are used for scaling, 


cleaning tooth surfaces and curetting the soft tissue 
wall of the periodontal pocket. 


Scaler: An instrument for removing calculus or other 
deposits from the surfaces of teeth. 


Scalers are usually paired. One instrument is the mirror 
image of its partner to make sure that the cutting edge of 
the scaler adapts to tooth curvature at all times. 


The blade of the scaler is made of stainless steel or tungsten 
carbide. 
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Sickle Scalers (SupragingivalScalers): 


A sickle scaler is a periodontal instrument used to remove 
supragingival calculus. 


@ Types: Sickle Scalers are of two types 


<> Anterior sickle scaler: The anterior sickle scaler 
has a straight shank, with the handle, shank and 
working end in the same plane. 


<> Posterior sickle scaler/universal sickle scaler: 
Posterior sickle scalers are usually double-ended 
or paired instrument with contra-angled shanks 
and are used on posterior teeth but can be used 
on anterior teeth. 


¢ Design: Sickle scalers have a flat surface, two cutting 
edges, a pointed tip, triangular in cross-section and 
the face is perpendicular to the lower shank. 


@ It is adapted at an angle of 70 to 80 degrees to the 
tooth surface and used with a pull stroke. 


@ Uses: Sickle scaler is a heavy instrument, its design 
makes the tip strong so that it will not break off during 
use but limits its use above the gingival margin. It is 
used for removal of supragingival calculus. Smaller 
and newer versions of sickle scaler can be inserted 
minimally into gingival sulcus for scaling without 
causing trauma. 


Examples: 


@ Large sickle scalers: UI5/30 and Ball scalers have 
large sized blades. 





Fig. 41.7 Towner’s scaler (U1 5/30) 
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Fig. 41.8 Jacquette scaler 
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@ Small sized sickle scalers: The Morse sickle has a very 
small, miniature blade; it is useful in the mandibular 
anterior area if there is a little interproximal space. 











Fig. 41.1 1 Cumine scaler 


Table 41.2: Sickle scalers and curettes 
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Curettes: 


Periodontal Curet: An instrument used for debridement 
(curettement) of tooth roots, periodontal pockets, and 
bone. (Glossary of Periodontal Terms, 2001) 


Curettes are the instrument of choice for removing deep 
subgingival calculus, for root planing altered cementum, and 
for removing the soft tissue lining the periodontal pocket. 


Previously, it was believed that endotoxins like 
lipopolysaccharides from periodontal pathogens infiltrated 
deep into the root surfaces. Extensive cementum removal 
was proposed as a treatment by Aleo et al in 1975. This 
led to extensive planing of root surface till a glassy hard 
surface was achieved. However, recent studies revealed that 
endotoxin is more superficially bound and can be removed 
by gentle instrumentation. 


Current techniques advise multiple light strokes to disrupt 
the biofilm,to remove plaque and calculus without excessive 
removal of tooth structure. 


Are finer versatile instruments. 


Used for subgingival scaling. It is also used for supragingival scal- 


ing, root planning, and curettage. 


Type Are heavier instruments. 

Uses Used for supragingival scaling. 

Design They are not designed for use on 
root surface. 

Blade It is triangular in cross-section. 

Cutting Two cutting edges 

edge 

Toe It has a pointed toe. 

Back Is fairly sharp and may traumatize 


the tissues. Hence cannot be used 
subgingivally. 


They are designed for use on root surface. 


It is semicircular in cross-section. 


Area-specific curettes have one cutting edge whereas universal 
curettes have two cutting edges. 


It has a rounded toe. 


Is rounded/convex and will not traumatize the soft tissues. 
Hence can be used subgingivally. 


The curettes are of two basic types, universal and area-specific. 
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Universal Curettes: 


Universal curettes are double-ended, paired instruments 
most commonly used for scaling. 


Design: The double ended universal curette has mirror 
image working ends with contra-angled shank. It has two 
straight parallel cutting edges which end in a rounded toe, 
is semicircular in cross-section with a rounded back and 
a face perpendicular (angled at 90 degrees) to the lower 
shank. 


Uses: They are designed to adapt to all dental areas of the 
mouth and hence are called universal curettes. They can be 
used to remove supragingival calculus, subgingival calculus 
on crown as well as roots of both posterior and anterior 
teeth. They can also be used to remove the soft tissue lining 
of periodontal pocket and for root planning. 


Examples: Barnhart curettes (no: |-2 and 5-6), Columbia 
curettes(no: | 3-14, 2R-2L,and 4R-4L), Goldman-Fox,Langer 
curettes (no: |-2, 3-4, and 5-6), Prichard etc. 





Fig. 41.12 Columbia curette 2R/2L and 4R/4L 
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Fig. 41.13 Universal Scaler 
Area-Specific Curettes: 


Area-specific curettes are commonly used periodontal 
instruments especially used easily for subgingival scaling 
and root planing. Their design consists of an offset angled 
face, one working curved cutting edge, rounded back 
and rounded toe, semicircular in cross-section with a 
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long,complex functional shank. Examples: Gracey curettes, 
Kramer-Nevins, Turgeon. 

Gracey Curettes: 


The Gracey curettes were designed in the late 1930s by 
Dr. Clayton H. Gracey. They were originally developed as a 
set of 14 single ended Gracey curettes. 


The application of the various Gracey curettes as designated 
by Dr. Gracey is as follows: 


Table 41.3: Gracey curettes and their specific are of application 


Gracey curette | Specific area of application 


Gracey | and 2 All tooth surfaces of Anterior teeth 





Gracey 3 and 4 All tooth surfaces of Anterior teeth 


All tooth surfaces of anterior and 
premolar teeth. 


Gracey 5 and 6 


Gracey 7 and 8 Facial and lingual surfaces of poste- 


rior teeth. 


Gracey 9and 10 _ Facial and lingual surfaces of poste- 


rior teeth. 


Gracey || and 12 Mesial surface of posterior teeth. 


Gracey 13 and 14 __ Distal surface of posterior teeth. 


Gracey |5 and |6 Mesial surfaces of posterior teeth. 
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Gracey 1&2, Gracey 3&4 ,Gracey 5&6 
Gracey 5&6 
Gracey I1&12 , Gracey 15&16 


Gracey 7&8 , Gracey 9&10 





| | Gracey 13&14 , Gracey 17&18 


Fig. 42.14 Designation of various Gracey curettes. 


Nowadays Gracey curettes are available as a paired set of 
seven instruments. Additionally, an experienced clinician 
can use each curette in multiple areas other than the 
aforementioned designations, reducing the number of 
instruments needed to perform the procedure. 


Design: 
@ Offset blade angle: 60 to 70 degrees from the lower 
shank. 
@ One working curved cutting edge. 
@ Rounded back and rounded toe. 


@ Semicircular in cross section. 
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@ Long,complex functional shank. 
Availability: 


@ It available with both a larger and less flexible shank 


and blade as “rigid” or with a flexible shank and blade 
as in “finishing” type. 





Fig. 41.15 Gracey curette set 
NEWER ADDITIONS: 


Gracey no I5-16: 


@ The Gracey no. 15-16 isa modification of the standard 


Gracey no. | 1-12 is designed for the mesial surfaces 
of posterior teeth. 


It consists of a Gracey no. | 1-12 blade combined with 
the more acutely angled Gracey no. | 3-14 shank. 


When the clinician is using an intraoral finger rest, 
it is often difficult to position the lower shank of 
the Gracey no. I I-I2 so that it is parallel with the 
mesial surfaces of the posterior teeth, especially on 
the mandibular molars. The new shank angulation 
of the Gracey no. [5-16 allows better adaptation to 
posterior mesial surface from a front position with 
intraoral rest. 


lf alternative fulcrums such as extraoral or opposite- 
arch rests are used, the Gracey no. | 1-12 works well, 
and new Gracey no. |5-16 is not essential. 


Gracey no |7-18: 


@ The Gracey no. | 7-18 is a modification of Gracey no. 


13-14. 


(2) Periodontics & Oral Implantology 


Chapter 41 


Periodontal Instrumentarium 


@ It has a terminal shank elongated by 3 mm and a more elongated angulation of the shank to provide complete 
occlusal clearance and better access to all posterior distal surfaces. 


@ The horizontal handle position minimizes interference from opposing arches and allows a more relaxed hand 


position when scaling distal surfaces. 


@ In addition, the blade is | mm shorter to allow better adaptation of the blade to the distal tooth surfaces. 


Table 41.4: Area-specific curettes and Universal curettes 


Area-specific Curettes OT ela y Vm Ole gata r et 


¢ Set of many curettes designed for specific areas 
& surfaces 
¢ One cutting edge used; works with outer or lower 
cutting edge only. 
¢ Curved in two planes: blade curves up & to the side 
Offset blade:face of blade beveled at 60-70 degrees to 
the lower shank. 
Back and toe: Rounded. 
Availability: Flexible or rigid blade. 
¢ Named by designer. 
¢ Examples: Gracey, Kramer-Nevins and Turgeon 


Modifications of Gracey curettes: 
Extended shank curettes: 
After Five® Curettes: 


@ Hu-Friedy’s After Five Curettes are alterations in the 
standard Gracey curette design. 


@ The terminal shank is elongated by 3 mm. 
@ Thinner blade. 


@ Except Gracey curette 9-10,all other standard Gracey 
curettes are available in After Five design. 


@ Available in finishing, rigid and extra rigid designs for 
greater strength when required. 


@ The other area-specific curettes such as Kramer- 
Nevins and Turgeon are also available with extended 
shank design. 


Mini-Bladed Curettes: 
Mini Five® Curettes: 


@ Hu-Friedy’s Mini Five Curettes are alterations in the 
After Five curette design. 


@ Terminal shank is elongated by 3mm than the standard 
Gracey curette. 
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¢ One curette designed for all areas and surfaces 

¢ Both cutting edges used; work with either outer or 
inner edge 

¢ Curved in one plane: blade curves up, not to side 

¢ Not offset: face of blade beveled at 90 degrees to the 
shank. 

¢ Back and toe: Rounded. 

¢ Availability: Flexible or rigid blade. 

¢ Named by designer. 

¢ Examples: Barnhart curettes, Columbia curettes, 
Goldman-Fox, Langer curettes and Prichard etc. 


@ Blade is half the length of blade in After Five or 
standard Gracey curettes. 


@ Blade is thinner than that of Gracey curettes. 
@ Available in both the finishing and rigid designs. 


@ Except Gracey curette 9-10,all other standard Gracey 
curettes are available in Mini Five design. 


@ The other area-specific curettes such as Kramer- 
Nevins and Turgeon are also available with mini 
extended shank design. 


Vision curvettes®: 
They are a set of four mini-bladed curettes. 
Design: 


¢ 50% shorter curved blades than that of standard 
Gracey curettes. 


@ Shank with markings at 5 and 10 mm. 


@ Blade identification mark (+) on the handle near the 
junction of the shank. 


Types and application: 
@ Vision Curvette Sub-zero: Facial and lingual surfaces. 


@ Vision Curvette |-2:Anterior and premolar surfaces. 
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@ Vision Curvette I|1-12: Mesial, facial and lingual 
surfaces of molars. 
@ Vision Curvette | 3-14: Distal surfaces of molars. 


Langer curettes: 


They are a combination of blades of Universal curettes 
on Gracey shanks. Their design carries with them the 
versatility of Universal curettes blade and the area-specific 
advantages of Gracey curettes. 


Types: 


@ Langer I/2 (Gracey | 1/12 shank): Mesial and distal 
surfaces of mandibular teeth. 


@ Langer 3/4 (Gracey 13/14 shank): Mesial and distal 
surfaces of maxillary teeth. 


@ Langer 5/6 (Gracey 5/6 shank): Mesial and distal 
surfaces of anterior teeth. 


@ They are also available with extended shank and as 
mini bladed versions. 


Schwartz periotrievers: 


These are a set of double-ended, highly magnetized 
instruments designed for the retrieval of broken instrument 
tips from the periodontal pockets. 


Hoe scalers: 


It is a double- or single-ended dental instrument used to 
remove calculus. 


Design: It has a cutting edge bevelled at 45degree, situated 
at a 99 to |00degree angle to the heavy terminal shank 


Application: The blade is introduced to the base of the 
pocket and then activated with a pull stroke in the coronal 
direction. 


Examples: 
@ Goldman Fox hoe scalers. 


@ McCall’s hoe scaler no. 3, 4, 5, 6, 7, and 8 are a set 
of six hoe scalers designed to provide access to all 
tooth surfaces. 


Uses: 
@ Supragingival scaling. 


@ Scaling of ledges or rings of calculus. 
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Disadvantages: 
Limited tactile sensitivity. 


Difficulty in subgingival instrumentation due to design 
limitations. 


@ It is no longer used. 
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Fig. 41.16 Hoe Scaler 
Periodontal Files: 
Files are instruments used to prepare calculus deposits 
before further instrumentation for removal. 
Design: 
@ The files are either single-ended or paired instruments 


with a rigid shank, series of parallel cutting edges, lined 
on a rounded, single base and a rounded back. 


¢ The files cutting edges area series of miniature hoes 
mounted on a base. 


@ The cutting edges have a 95- to 105- degree angle to 
the base. 


@ Files are either single-ended or paired instruments. 


@ It has set of 4 for use on buccal, lingual, mesial and 
distal sites. 


Uses: 


@ Crushing calculus deposits located in deep tubular 
pockets. 


@ Removal of burnished/heavy calculus. 


@¢ Removal of of dental 


restorations. 


overhanging margins 


@ They can be activated in any direction using an 
intraoral finger rest close to the working area. 
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Disadvantages: 
@ Can roughen the root surfaces. 
@ Do not adapt well to the root surfaces. 
¢ Difficult to sharpen. 

Example: 


@ Hirshfeld files — #3/7, #5/I1:Used for burnished 
calculus or sheet-like calculus. Hirshfeld files have 
a narrow profile and hence they can be used in 
developmental depressions, in furcations with limited 
access and near junctional epithelium. 


@ Orban or Univ. of Wash. Bedbug file: They are big in 
size. Used for crushing heavy calculus. 


@ Sugarman files - Used for furcations and fused 
furcation root grooves. 


Chisel Scaler: 


Periodontal chisel scaler has an extremely limited use. 
Design: 
@ Double ended instrument. 


@ Straight cutting edge. 


@ It has a bevelled 45 degree angled cutting edge. 





Fig. 41.17 Chisel Scaler 
Applications: 


@ It is used solely for the removal of heavy supragingival 
calculus deposits that bridge open interproximal 
spaces of anterior teeth. 


@ The instrument is generally used in mandibular 
anterior teeth from the facial surface with a push 
stroke. 


Quéetin furcation curettes: 


They have very small convex hoe-like blade with a shallow 
half moon radius that fits into the roof or floor of the 
furcation. 
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Types: 
¢ MDI (mesial-distal): Smaller blade width of 0.9mm. 


@ BLI (buccal-lingual): Smaller blade width of 0.9mm 
¢ MD2 (mesial-distal): larger blade width of 1.3mm. 
@ BL2 (buccal-lingual): larger blade width of |.3mm. 
¢ BL3 — large, concave blades for buccal and lingual 
surface of anteriors. 
Uses: 


@ For removal of calculus from the furcation area. 
Diamond-coated files: 


Diamond-coated files are files coated with fine-grit diamond 
devoid of cutting edges. They are effective when used. 


Application: They are to be used with light even pressure. 
They are best used with periodontal endoscopy. 


Uses: They are used for final finishing of the root surface. 
If used properly they produce a clean smooth and highly 
polished root surface. 


Caution must be exercised when using them, overzealous 
or improper instrumentation, especially when using 
without periodontal endoscope may lead to gouging/ 
grooving, over instrumentation and loss of root structure. 


Example: 


Brasseler periodontal diamond files (curettes): They are 
used for removing burnished calculus in furcations and 
deep pockets 


@ Fine series: Fland F2 are buccal-lingual instruments 
and F3 and F4 are mesial-distal instruments. They are 
smaller and are useful in furcations. 


@ WI-W2,W3-W4 —They are very wide and are useful 
in wider pockets. 


Hu-Friedy Diamond-Tec Files — They are coated with fine 
grit diamond dust 


@ Nabors design (SDCN/7)—They are used for furcations 
and root depressions. 


@ Mesial-Distal design (SDCM/D7): They are used for 
mesial/distal line angles and developmental grooves 
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Table 41.5:Instrument-Description and area of application 
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Chisel (Push) scaler ° Chisel Head, 
¢ 45° angle 
Point or trihedral ¢ Triangular cross-section, 


scalers like Sickle and * 2 cutting edges converge to a sharp 
Jacquette point 
Hoes ¢ Blade is set at 1000 angle to shank 
¢ 4 instruments are needed to access all 
tooth surfaces 
Curettes ¢ Curved, spoon-shaped blade 
¢ 2 cutting edges converge to form a 
rounded toe. 
Periodontal files ¢ Multiple, straight cutting edges 


(Hirschfield files) 


Ultrasonic and sonic instruments: 


The sonic and ultrasonic scalers are power-driven 


instruments used for removing plaque, calculus, and stains. 


The various types of powered instruments are in use since 
their inception in late 1950s. 


Sonic instruments are similar to the handpiece, and it works 
with compressed air at low or high speeds. The generated 
frequency produce vibrations that are conducted to the 
working tip with oscillates in almost circular motion. This 
motion allows the tip to adapt itself to all the surfaces of 
the teeth. 


Ultrasonic devices were introduced in 1980s and usehigh- 
frequency probes to fracture and displace deposits from 
the teeth. 


Sonic Scaler: An instrument vibrating in the sonic 
range (approximately 6,000 cps) that, accompanied 
by a stream of water, can be used to remove 
adherent deposits from teeth. (Glossary of Periodontal 
Terms, 2001) 


Ultrasonic Scaler: An instrument vibrating in 
the ultrasonic range (approximately 25,000 to 
30,000cps) which, accompanied by a stream of 
water, can be used to remove adherent deposits 
from teeth. (Glossary of Periodontal Terms, 2001) 
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Remove grosssupragingival deposits from labial 
and proximal surfaces of mandibular anterior 
teeth 


For buccal and lingual embrasure areas, supragin- 
gival and 2-3mm subgingival areas 


For deep pockets and to remove subgingival 
deposits 


Supra and subgingival areas used after hoes in 
root planing 


Can roughen the surface of burnished calculus 
or to crush calculus 


Sonic Instruments: 


The sonic scaler attaches to the dental unit that uses 
compressed air delivered from dental unit handpiece line 
to drive rotor system to move tip to about 2,000 to 6,500 
cycles per second in an elliptical to orbital pattern. 
They operate at low frequency and tip movement is 
usually orbital. 


They are less expensive than the ultrasonic scalers. They 
have multiple interchangeable instrument tips, but produce 
lesser energy than the ultrasonic scalers. 


lt produces high-intensity noises due to release of 
air pressure needed for movement of tip. 


Ultrasonic Instruments: 


These instruments were introduced around 60 years ago 
for removing supragingival calculus. The inserts have been 
modified with time, and it can be used for subgingival 
treatment too. 


They operate converting high-frequency electrical current 
into mechanical vibrations at the scaler tip. These ultrasonic 
vibrations at the tip vary from 25000 to 42000 Hz and an 
amplitude range of 10-!00um. This high-speed vibration 
combines with the water jet creating a fine mist around 
the tip. 
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The frequency is defined as the number of times per 
second that the active instrument tip oscillates during one 
standard cycle of movement. It determines the area of the 
instrument tip that is considered active. 


These scalersare composed of an electric power generator, 
a handpiece and an insert with a working tip.A fine water 
jet is directed onto the working tip which acts as a coolant 
and also has a cavitation effect. 


Types: 


There are two types of ultrasonic instruments, the 
magnetostrictive and piezoelectric units. They vary in the 
electrical energy is converted into mechanical vibrations, 
pattern of action and number active surfaces on the tip. 


@ Magnetostrictive: In magnetostrictive units, the 
transducer uses either a stack of flat nickel-iron 
rod. 
When electrical current is supplied to the wire coil 
within the handpiece, a magnetic field is created 
around the stack or rod transducer causing it to 
constrict. Then an alternating current produces an 
alternating magnetic field that makes the tip to 
vibrate. The pattern of vibration of the tip is 


metal strips or a ferrous 


elliptical/circular. 


All sides of the tip are active. In magnetostrictive 
units, heat is generated while in use. Use of coolant is 
a must. They may interfere in certain kinds of cardiac 
pacemakers hence their use in cardiac patients should 


be avoided. 

@ Piezoelectric: In Piezoelectric ultrasonic unit, 
alternating electrical current is applied to reactive 
(quartz/metal alloy) crystal transducer in the 


handpiece. This produces dimensional change in the 
crystals as electricity passes over the crystal surface. 


This produces ultrasonic vibratory tip action. 


Tip motion is linear or back and forth implying that only 
the lateral sides of the tip are active. 


Mechanism of action: 


@ Cavitation: Cavitation is the formation of tiny vacuum 
bubbles in the water droplets of the spray mist. These 
bubbles collapse violently, producing shock waves that 
destroy bacteria, flush calculus, plaque, and debris. 


Periodontics & Oral Implantology 


Periodontal Instrumentarium 


@ Acoustic turbulence and acoustic streaming: A 
unidirectional agitating swirling effect produced 
within the periodontal pocket by the continuous flow 
of fluid during instrumentation. It disrupts plaque and 
has a deleterious effect on the bacterial pathogens. 


Tip design: 


@ Standard diameter inserts are available as straight 
tips with differing number of bends. 


@ Beveled edge design at the working end of the insert 
tip increases the efficiency of deposit removal. The 
ultrasonic energy is specifically targeted at the 4 
corners rather than the full circumference of a 
rounded working end. 


@ Beaver tail design is used for breaking heavy 
supragingival calculus, stains on the lingual surface 
of mandibular anterior teeth. In this design, the active 
area is only the terminal edge of the tip and is used 
only for supragingival areas. 


@ Slim diameter inserts are available in straight or 
curved shanks. They have reduced amount of tooth 
surface loss during instrumentation. 


@ Ultra slim diameter inserts could be used in areas 
with tight contacts. It can also be used for regular 
maintenance care in patients with minimal deposits/ 
pockets. 


Slim tips are designed to mimic the ends of periodontal 
probes. They are easy to insert and has improved 
tactility. Remaining or residual calculus could be 
detected and it saves time by reducing the need 
for instrument exchange during treatment. 


@ Slim tips offer superior access to deep pockets and 
adaptation to furcation areas. 


By using right and left inserts, the entire root surface 
including furcation areas could be instrumented 
easily. 

@ Diamond coated ultrasonic tips are also available to 
be used to remove tightly bound calculus during 


open-flap surgery. Incorrect use can lead to soft 
tissue damage and loss of tooth structure. 


@ Teflon coated tips are available to disrupt and 
remove biofilm. However, they are less effective in 
removing calculus than conventional tips. 


as 
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Instrumentation sequence: @ For removal of stains. 


@ Supragingival deposits should be removed with a @ Overhanging amalgam restorations can be removed. 
standard diameter insert at low to high power setting 


@ Debonding of orthodontic bands, however, some loss 
as determined by patient's oral status. 


of tooth substance has been shown following removal 


¢ Debridement of pockets of 4mm depth or greater is of brackets using ultrasonic scalers. 
done with slim tipped inserts at a low power setting. ¢ With use of newer instrument tips subgingival 
¢ Final stage of scaling is with a slim insert at low power instrumentation especially of periodontal pockets has 
setting to remove the smear layer from root surface. become easy. 


FFE RI tH ogc CREAR Ra TEETO Contraindications/Limitations: 

Mana Fh | aii ahs ¢ Transmission of infection by aerosol: Patients with 
or at risk of an infectious/communicable disease 
through aerosols generated during instrumentation 

m ue should be treated with caution with sonic/ultrasonic 

= Ke ica ie cet ca ae ag instrumentation. Moreover, patients with contagious 

as diseases should also be treated with caution. 





ATU PRUEVUYECETEYT ERE ONE MONEVECERD ERROR GRD C ERRORS 


Fig. 41.18 Sonic Scaler @ Unshielded cardiac pacemaker: Individuals with 


Advantages of Ultrasonic and sonic instruments: unshielded pacemaker are not to be treated with 
ultrasonic scaler especially the magnetostrictive 


It is equally efficient. a 
ultrasonic instruments. However, newer pacemakers 
@ Itis less time-consuming. are shielded and are not affected by ultrasonic units. 
¢ It lavages or flushes the periodontal pocket. ¢ In the presence of demineralized tooth structure 
@ It can deliver antimicrobials. (Some units). (white spot lesions), possible damage can occur due 
oa a to removal of remineralized surface layer. 
¢ It has bactericidal activity. . . 
1 ee @ Marginal breakdown, fracture, or discoloration 
i a can occur in composite restorations and porcelain 
Disadvantages of using ultrasonic or sonic restorations with ultrasonic instruments. 
instruments: 


@ Small children. 


@ Increased dentinal hypersensitivity due to excessive 
removal of cementum and dentin from the tooth 


@ Both piezo and magnetostrictive devices have an 
elliptical movement on contact with tooth surface. 


¢ Lesser tactile sensitivity. surface. It is based on the tip shape, lateral force, 
@ Lack of knowledge of active sideswill result in angulation, and power setting. 
inefficient calculus removal. ¢ Cavitation of hypomineralized enamel 
@ Heat buildup is a cause of concern (especially with ¢ Thermal damage to pulp and gingival tissues 
magnetostrictive scalers). Use of fluid coolant is a ‘ Aeoucne leciens 


must. 


¢ If the instrument is used incorrectly, damage can Differences between Sonic and ultrasonic 


occur to soft and hard tissues. scalers: 

¢ Discomforting stimuli like pain, vibration, excessive ¢ Generally ultrasonic scalers are considered to be 
noise, bad taste and high volume of water coolant. powerful than sonic instruments. 

@ Indications for sonic and ultrasonic instrumentation: ¢ Ultrasonic scaler tip vibrates at higher ultrasonic 

¢ For periodontal debridement, including moderate- frequencies than the sonic scaler tip that vibrates at 
to-heavy calculus removal. lower sonic frequencies. 
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@ Ultrasonic scalers need a specific unit while sonic scalers are driven by the normal dental unit airline. 


@ Clinicians tend to use ultrasonic scalers the most. 


HANDLING THE 
AEROSOL 
PRODUCED BY 


CLES e Ne 
INSTRUMENTS 





yo 
X\ 
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Fig. 41.19: Protection from aerosols 


Table 41.6: Comparison of ultrasonic and sonic scaling units: 


Advantages 

Calculus removal 
Treatment time 

Tip action 

Tip adaptation 
Patient comfort 
Asepsis 

Operator control 
Space requirement 
Disadvantages 
Enamel Abrasion 
Tissue abrasion 
Cemental roughening 
Restoration damage 
Heat production 
Cost 

Maintenance 

Noise level 
Mechanism 

Active surfaces 
Positioning of Tips 
Coolant/Lavage volume 


Technique sensitive 
Learning curve 
Flexibility of technique 


Good 
Low 
Orbital 
Fair 
Good 
Good 
Good 
Low 


Medium 
Low 
Medium 
Medium 
Low 
Medium 
Medium 
High 


Protective 


High speed 
suction 


Preprocedural 


Ultrasonic 





Excellent 
Low 
Elliptical 
Fair 
Good 
Good 
Good 
High 


Medium 

Low 

Medium 

Medium 

High 

High 

High 

Medium 

Metal stack or ferrite rod 
Back, face and lateral (4) 
Flexible 

Low to high, directional 
with some inserts 

+ 

+ 

b+ 
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Excellent 
Low 
Linear 
Fair 
Good 
Good 
Good 
High 


Medium 
Low 
Medium 
Medium 
High 
High 
High 
Medium 


Aligned ceramic discs 
Lateral (2) 

Must be lateral to surface 
Low to moderate 
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Comparison of manual, sonic and 
ultrasonic scalers: 


Many studies have confirmed the efficacy of sonic and 
ultrasonic instruments. It is reported to be in par with 
manual instrumentation. Ultrasonic instruments have 
better treatment outcomes in molar furcation areas, and 
subgingival debridement could be completed quicker than 
hand instruments. 


@ Ribiero et al reported higher roughness on 
root surface after scaling and root planing with 
sonic and ultrasonic instruments under scanning 
electron microscopy. The slots were found to be 
deep and with irregular grooves on the root 
surface due to vibration. The slots formed by gracey 
curettes were parallel to the direction of movement. 


@ Walmsley et al have reported that 
ultrasonic instruments causes a _ rough surface 
with several grooves, slots, and burns due to its 
fast-oscillatory motion. 


@¢ Casarin et al = reported that manual 
instruments had higher contact area on the root 
surface than ultrasonic ones. If the active portion of 
the ultrasonic tip is higher, higher will be the tooth 
wear. 





Fig. 41.20 Ultrasonic scaler (Piezoelectric scaler) 
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Recommendations: 


lf the ultrasonic instruments are used with inadequate 
pressure or non-uniform velocity, it can produce more 
roughness. The design of the ultrasonic tips also influences 
the amount of damage on root dentin.As tactile sensitivity 
is reduced in ultrasonic instruments, it may lead to more 
damage. 


@ It is better to use a two-stage approach. First stage is 
done to reduce moderate to heavy calculus and 
stains. The second stage is to remove the light 
calculus and stains that remain along with the biofilm 
and endotoxins from tooth surface. 


@ Tip selection should be based on the type of deposits 
and the anatomy of the surface to be debrided. 


@ Slim inserts have increased tactility, and its diameter 
is close to a periodontal probe. It can give valuable 
information about the root morphology and the 
nature of remaining deposits. 


@ The amplitude (power level) should be decided by 

the type of deposit. 

<> Heavy and tenacious deposits need wide scaler 
tips. 

<> Slim-diameter tips produce a lower level of force 
and effect for removing light or soft deposits. 
It allows removal of biofilm without excessive 
cementum removal. 


@ The forces were minimal when the magnetostrictive 
tip was parallel to the tooth surface. 


@ Piezo devices are more technique sensitive to 
minimize tooth damage. 


@ It is advisable to use curved tips, straighttips, and 
optimal line angles to achieve access to the entire 
pocket. 


@ Patient comfort should be maintainedat all times 
during the procedure. It can be achieved with topical 
anesthetics or use of traditional local anaesthetics. 


Other instruments: 


Instruments are available that can be mounted on air 
turbines like rotosonic scalers. A hexagon pyramid-shaped 
bur removes calculus with a _ rotational motion. 
Diamond points with fine diamond particles are also used. 
However, their application is limited due to excessive 
removal of tooth substance. 
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Instruments mounted on micro-engines are used for 
professional tooth cleaning. It includes rubber cup, brush, 
prophy cup, EVA tip,etc. 


THE EVA SYSTEM: 


EVA prophylaxis system has motor-driven diamond files 
which are mounted on a dental handpiece that 
generates reciprocating strokes. 


Design: The burs are symmetrical pairs coated with 
diamond on one side while the other side is smooth. The 
diamond coated side faces the restoration/the treatment 
side where the smooth side faces the soft tissue papilla. 
They are used to clean interdental cavities, eliminate 
excess filling materials, remove supragingival plaque and 
subgingival plaque and perform root smoothing. It is very 
useful, effective and least traumatic instruments for the 
correction of the overhanging restorations. 


Vector™: 
In 1999, Durr developed a new generation § of 
ultrasonic instruments named Vector™. It has a 


different working system than conventional ultrasonics 
which has laterally directed vibrations and amplitude of 
|0-!00um. 

It has a ring-shaped resonant body vibrated by an 
ultrasonic drive at 25000 Hz, which is attached to the 
working end at an angle of 90°. This configuration 
avoids ellipsoid vibrations of the instrument tip, and the 
tips oscillate in a linear fashion parallel to the root 
surface. The amplitude of working tip ranges from 
30-35um. 

lt has metal and carbon fibre inserts. Straight inserts are 
used for facial surfaces, and curved inserts are used 
for interproximal surfaces. Furcation inserts are also 
available. 

A coolant is applied to cool the working tip during 
function at flow rate of 6ml/min. A refillable 120ml water 
container is provided in the base station. The mobile 
base station has 200ml fluid bags that can be added 
during treatment. A polish fluid containing hydroxyapatite 
is added to liquid film for root planing. This suspension is 
not sprayed in an aerosol and is held hydrodynamically 
on the instrument tip. 

Studies have revealed conflicting results. Some have 
reported limited efficiency whereas others have shown 
that Vector system was more efficient than piezoelectric 
ultrasonics but less efficient than hand instruments in 
removing subgingival calculus. 
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lt removes far less root substance than hand instruments. 
Due to its non-elliptical vibration pattern and small 
amplitude of vibration, the working tip has minimal 
tissue invasion and removes around 2+3 um of 
cementum compared to conventional ultrasonics that 
removes 24+42 um or hand instruments that remove 20 
+|5um. 

Metal inserts remove lesser tooth substance than carbon 
inserts. Residual cementum left on root surface with 
vector system was 45 um which was higher than 
ultrasonics (30 um) and gracey curettes (9 um). 


Vector system produced a smooth and homogenous root 
surface whereas the other instruments produced 
scratches, clefts, and grooves. It reduces the likelihood 
of plaque accumulation. There was better attachment and 
growth of fibroblasts to the root surface after cleaning 
with vector system. It has lesser risk of hypersensitivity 
and pulpitis. 

Instrumentation time was faster with vector system unless 
gross calculus deposits had to be removed. 


It also reduced the probing depth and bleeding on 
probing. In combination with flap surgery, Vector system 
had less recession and gain in attachment than hand 
instruments or only surgical techniques. It can 
significantly reduce the subgingival bacterial load. It had 
reduced pain and increased patient compliance in 
maintenance therapy. 


It can be used as a valuable alternative to manual 
instruments for plaque and calculus removal around 
implant abutments. It created smooth abutment 
surfaces than ultrasonics with metallic or plastic 
inserts. It has better results in peri-implantitis patients, 
but existing literature is limited. Carbon fiber inserts 
should be used to avoid damage to implant surfaces. 


The conclusions for vector system are as follows: 


@ It can be used for treatment of moderate-severe 
chronic periodontitis, implant maintenance 


@ In deeper pockets, manual instrumentation had better 
results. 


@ It cannot be recommended for removal of large 
masses of supragingival calculus. Conventional 
ultrasonics have better advantage in these situations. 


@ Smoking reduces the clinical outcome with Vector 
system. 


Ay 


(| Treatment consideration in Periodontology 
Periosonic system: 


It is a new instrument used for root debridement. It is a 
modified version of endodontic system. It has two types of 
files inserted into a sonic handpiece. 


The Periosonic | file resembles a reamer, with |6mm 
working tip and used to remove heavy supra and subgingival 
calculus. 


The Periosonic 2 file is more flexible and less aggressive. It 
has a single-sided 2 1mm working tip and used for subgingival 
debridement. The smooth portion of the file faces the soft 
tissue wall of the periodontal pocket to minimize trauma. 


Instrumentation for dental implants: 


Instruments used for cleaning dental implants should be 
effective and durable. It should cause minimum damage to 
titanium surface. 


Mechanical debridement could be performed with hand 
instruments made of plastic, carbon fiber and titanium. 


Stainless steel instruments: 


Stainless steel instruments can cut/gouge the implant 
surface leading to plaque retention and difficulty in removal. 
They can alter the oxide layer of implant surface leading 
to higher corrosion and affect biological properties. Metal 
scalers can damage HA-coated and plasma-coated implants 
too. 


Plastic instruments: 


Metal instruments can scratch the titanium surface. 
Hence,plastic instruments are advised to be used for 
removing calculus and plaque from implant surfaces. They 
are made of acetal plastic. After debridement with plastic 
instruments, the implant surface showed the greatest 
compatibility. 


They can produce vertical microgrooves and cannot 
effectively remove mature calculus. 
Carbon fiber curettes: 


They are an alternate instrument for scaling of implants. 
They can reduce the bacterial load, improve clinical 
parameters with minimal damage to implant surface. They 
seem to leave contaminants on the scaled surface. 


Carbon fiber reinforced plastic curette can also be used 
for scaling. 


(ay 
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Titanium curettes: 


lt could be made of commercially pure titanium or titanium 
alloy. There are conflicting reports regarding their usage. 
Some have reported that it produces roughness and 
whereas others studies have shown that they do not leave 
deep marks and remove little substance from implant 
surface. 


Prophylaxis instruments like Rubber cups: 


lt can cause damage to the implant surface due to 
abrasiveness of the rubber material and polishing paste. It 
is not preferred as the rubber particles were left on the 
implant surface. 


Sonics and Ultrasonics: 


Studies have used copper points, plastic heads like Polyether 
ether ketone (PEEK) and conventional stainless steel 
ultrasonic points for scaling implant surface. Stainless steel 
produces the maximum roughness. Copper points caused 
minimal damage besides being resistant to fracture and 
wear. 


Plastic tips had lower vibration amplitude and may not have 
cleaning efficacy but have a polishing action. They can be 
used effectively to remove soft and hard deposits without 
increasing the surface roughness of titanium implants. 


Air-abrasion: 


It could be used with rubber cups and tin oxide. It can 
produce a more polished surface. Studies have shown that 
air abrasion did not alter the biocompatibility of implant 
surface. 


Glycine powder could be used for cleaning the peri-implant 
pocket. Powders with higher abrasion used forsupragingival 
cleaning might cause rounding of edges and create dents 
on implant surface. 


Polishing instruments: 


Tooth surfaces were regularly polished after calculus 
removal by a variety of means. They include, 


Rubber cups 
Dental tape 


4 
4 
@ Professional bristle brushes 
@ Fine disks. 

4 


Balsa wood interdental wedges 
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@ Wide waxed silk strips. 


@ Air-powder polishing systems. 
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Fig. 41.21 Polishing paste and Brush 


Surgical Instruments: 


Periodontal surgical instruments are classified as follows: 


4 


4 
4 
4 
4 
4 
4 


Excisional & Incisional Instruments: 


Excisional & incisional instruments 
Surgical curettes & sickles 
Periosteal elevators 

Surgical chisels 

Surgical files 

Scissors 


Hemostats & tissue forceps 


Periodontal Knives (Gingivectomy Knives): 


@ Kirkland Knife is used for Gingivectomy. 


@ Available either as  double- or 


instrument. 


single-ended 


@ It is kidney-shaped and entire periphery of these 


kidney- shaped knives is cutting edge. 
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Fig. 41.22 Ginavectony knives (A Fish Knife, 
B. Kirkland Knife, C. Orban’s Interdental Knife) 


Interdental Knives: 


@ The Orban knife #1-2 & Merrifield knife #I, 2, 3 & 4 
are example of knives used for interdental areas. 


@ These are spear-shaped knives and have cutting 
edges on both sides of the blade. 


@ They are available either as single- or double-ended 
instruments. 


Surgical Blades: 


@ Scalpel blades of different shapes and sizes are used 
in periodontal surgery. 
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Fig.41.23 Bard-Parker Blade No 12 and No | 
with disposable handle. 
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Electrosurgery (Radiosurgery) Techniques & 
Instruments: 


@ The term electrosurgery or radiosurgery is currently 
used to identify surgical techniques performed on 
soft tissue using controlled high-frequency electrical 
(radio) currents in the range of 1.5 to 7.5 million 
cycles per second or megahertz. 


@ There are three classes of active electrodes: 


<> Single-wire electrodes for incision or excision. 
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<> Loop electrodes for tissueplaning. 


<> Heavy, bulkier electrodes for coagulation 


procedures. 


The four basic types of electrosurgical techniques are — 


Section - VI 


@ The treatment causes an unpleasant odor. 


If the electrosurgery point touches bone, irreparable 


damage can be done. Furthermore, the heat generated 
by injudicious use can cause tissue damage and 


loss of periodontal support when the electrode is 


electrosection, electrocoagulation, electrofulguration 
used close to bone. 


and electrodesiccation. 
@ When the electrode touches the root surface, areas 
of cementum burn are produced. 


Electrosection: 


<> It is also referred to electrotomy or acusection, is 


used for incisions excisions and tissue planing. Indications: 
<> Incisions and excisions are performed with single- ¢ Removal of gingival enlargements. 
wire active electrodes that can be bent or adapted ¢ Gingivoplasty, 


to accomplish any type of cutting procedure. 
P Pe & P @ Relocation of frenum or muscle attachments. 


Electrocoagulation: a 
6 @ Incision of periodontal abscess 


<~ It provides a wide range of coagulation or 
hemorrhage control obtained by using the 
electrocoagulation current. 


@ Pericoronal flaps. 
Healing after electrosurgery: 
@ There appears to be little difference in the results 


obtained after shallow’ gingival resection with 
electrosurgery and that with periodontal knives. 


<> Electrocoagulation can prevent bleeding or 
hemorrhage at the initial entry into soft tissue, 
but it cannot stop bleeding after blood is present. 
All forms of hemorrhage must be stopped first by @ However, when used for deep resection close to 
some form of direct pressure . bone, electrosurgery can produce gingival recession, 
bone necrosis and sequestration, loss of bone 
height, furcation exposures and tooth mobility, which 
do not occur with the use of periodontal knives. 


<> The active electrodes used for coagulation are 
much bulkier than fine tungsten wire used for 
electrosection. 


Electrosection & electrocoagulation are the most Surgical Files: 
commonly used procedures in dentistry. The 
electrofulguration and electrodesiccation are not, 
in general, use in dentistry. 


@ Periodontal surgical files are used primarily to smooth 
rough bony ledges and to remove bone. 


@ Schlugerand Sugarman files are similar in design and 
can be used with a push-and-pull stroke, mostly in the 
interdental areas. 


The most important basic rule of electrosurgery is: 
always keep the tip moving. 


Prolonged or repeated application of current to 
tissue induces heat accumulation and undesired Surgical Curettes & Sickles: 
tissue destruction, whereas interrupted 
application at intervals adequate for tissue cooling (5 
to 10 seconds) reduces or eliminates heat buildup. 


@ Larger and heavier curettes and sickles are often 
needed during surgery for the removal of 
granulation tissue, fibrous interdental tissues and 


Advantages: Electrosurgery permits adequate contouring tenacious subgingival deposits. 


of the tissue and controls hemorrhage. 


Disadvantages: 


@ The Kramer curettes #1, 2, and 3 and the Kirkland 

surgical instruments are heavy curettes, whereas the 
@ Electrosurgery cannot be used in patients who Ball scaler #B2-B3 is a popular heavy sickle. 
have non-compatible or poorly shielded cardiac 


pacemakers. 
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Periosteal Elevators: NEEDLE HOLDERS: 


rin 

@ These instruments are necessary to reflect and move es Bie Moe CEO O/E Hie Uedilne MeSle-aubilie Suunine 
the flap after the incision has been made. a er | _ a — 

¢ TheGlickman periostealelevator#24GandGoldman- = Ze23 e eis oe FSS SSS = 
Fox #14 are well-designed periosteal elevators. 3 2 3 ee ee eh ee eee = 2 











Fig.41.24 Molts periosteal elevator 
Surgical Chisels & Hoes: Fig. wus = I SSEEL ane Jocnie? ErOreSP> 
¢ Chisels and hoes are used during periodontal surgery =23 ea Sagas cs555 2225 sass SSeS 
for removing (ostectomy) and reshaping (osteoplasty) s2e2225 ‘3 Blea ee 
bone. Se Sy sdse 




























¢ Examples of hoe are —Wiedelstadtand Todd-Gilmore FR eeeeees aes" oO We 
and examples of chisel are Ochsenbein #I-2 and 
Rhodes Chisel. Sara a ae se iS 
Scissors and Nippers: 3335222233: — 
3232522332: 
Scissors and nippers are used in periodontal surgery — "sm — — 
for such purposes as removing tabs of tissue during == = 


gingivectomy, trimming the margins of _ flaps, 
enlarging incisions in periodontal abscesses and 


Fig. 41.27 Dental tweezer with lock 
removing muscle attachment in mucogingival surgery. iS 







g : Fig. 41.28 Pocket marker 

Z 3 Review Questions: 

: z Essay Questions: 
22 |. Classify the various periodontal instruments. 
23 2. Define periodontal probe. Write in detail about 
pS aia periodontal probes. 


Fig. 41.25: scissors 3. What are ultrasonic scalers? Classify the ultrasonic 
scalers. What are the advantages and disadvantages 
ultrasonic scalers? 
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Short notes: 


4. 
5. 


6. 


Write briefly about the Sickle scalers. 


Describe the instruments used for scaling with dental 
implants? 


What are Periodontal files? 


Principal references and suggested further 
reading: 


4 


4 
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¢ Principal references and suggested further reading 


Plaque control is the removal of microbial plaque 
and the prevention of its accumulation on the teeth 
and adjacent oral surfaces. @ Removal of soft deposits. (Dental plaque, Materia 
alba, food debris.) 


Objectives of Plaque Control 


Plaque control normally means preventive measures aimed 
at removing dental plaque and preventing it from recurring. ¢ Prevention of calculus formation. 


(Axelsson) @ Gingival massage. (increases keratinisation and 
improves circulation)-Questionable. 
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Disclosing agents: 


Dental plaque is similar in colour to natural teeth, making 
it difficult to detect and remove. The disclosing agents are 
used to identify dental plaque, which is not visible to naked 
eye. 


¢ A disclosing agent is a preparation in liquid, tablet or 
lozenge form that contains a dye or colouring agent. 


@ Disclosing agent is a solution when applied on the 
tooth, makes visible by staining roughness and foreign 
matter on the tooth. (Foreign matter is meant to 
include mucinous plaque, calculus and material 
surface) (Raybin) 


@ A disclosing agent is a dye in liquid or tablet form 
that colours something, especially the teeth to show 
plaque (World English Dictionary) 


History 


It was first used by Skinner in 1914 to teach home 
care. He used iodine stains for this purpose. 
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Berwick in 1920 introduced a dye with a combination 
of brilliant green and crystal violet. 


Easlick in 1935 used Bismarck brown 


Raybin in 1943 used gentian violet. It was a non-iodine 
dye that were more visible, lasted longer and had a 
better taste. 


Uses 


4 


Mucosal irritation 





They can also be used to evaluate the efficiency of 
tooth brushing and other oral hygiene procedures. 


They are also used in research and epidemiological 
studies like preparation of plaque indices. 


It can be used to help the patient to visualize dental 
plaque and support them in oral hygiene and explain 
the significance of plaque in disease. 


lt can be used for self-evaluation by the patient. 


elt should be 
non-irritant 


elf a disclosing 
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properties, it 
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dual purpose. 





Antiseptic action 


Fig. 42.1 Ideal properties of disclosing agents 
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Composition: 


@ These are specific, chemical colouring agents used to 
stain masses of dental plaque and pigment microbial 
build-up. It can be used in forms of solution, tablets 
and wafers. 


@ It includes variety of natural and synthetic dyes 
like iodine, mercurochrome preparations, Bismarck 
brown, erythrosine, gentian violet, malachite green, 
fast green, methylene blue and basic fuchsin. 


@ Flavouring agents like oil of peppermint, sorbitol can 
be used to improve patient comfort. 


lodine-based solutions: 


@ Plaque is stained deep-brown or black. The inflamed 
gingiva may also show up as dark areas. It is excellent 
for clinical photography. 


Its disadvantages include, 
¢ The discoloration disappears in few minutes 
¢ May permanently stain clothing or dental equipment 
¢ May induce allergy in some patients 
¢ Taste may be objectionable 
Erythrosine Red: 


Its advantages include, 
@ It does not stain composite restorations 
dental 


@ No permanent stains 


equipment 


on clothing or 


@ No adverse effects like solutions based on iodine or 
mercury. 


Plak Lite: 


It was described by John Forrest. The apparatus consists 
of a small lamp that gives a white light through a particular 
filter. Two drops of fluorescein-based solution is placed 
inside the patient’s mouth and the patient is instructed to 
swish it using saliva. 


The fluid has affinity for plaque and can be visualized as 
greenish yellow glow under the light. 


Gallagher et al described the usage of two-tone solutions. 


They contain FD&C Green No: 3 and Red No: 3. It stains 
older plaque blue and newer plaque red. 
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Fluorescein agents use FD&C Yellow No: 8 which is 
visualized under special ultraviolet light. 


Application: 


It can be applied directly or indirectly to visualize the 
dental plaque. As these disclosing agents can stain the 
oral mucosa or lips, apply of petroleum jelly or other 
separating media to avoid staining. 


Direct application includes the following steps: 
@ Retract the cheek and tongue 
@ Dry the teeth with compressed air 


@ Use a swab or small cotton pellet with cotton pliers 
to apply the solution on teeth crowns. 


@ Instruct the patient to spread the agent on all surfaces 
with the tongue. 


@ Examine the distribution of the agent and ask the 
patient to rinse, if needed. 


Indirect application can be done by rinsing or using tablets 
or wafers. 

Rinsing: 

A few drops of disclosing agent is placed in a paper cup and 
water is added to dilute the agent, as per manufacturer's 
instructions. The patient is instructed to swish and rinse with 
the solution, so that it is applied on all tooth surfaces. 


Tablets/Wafers: 


The patient is instructed to chew the wafer or tablet. Then, 
it should be swished around for 30-60 seconds and then 
rinsed. 





Fig. 42.2 Erythrosine containing tablets-a commercially 
available disclosing agent 
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Fig. 42.3 Clinical picture after application of Erythrosine 
containing(plac-control) tablet containing erythrosine 


Rationale: 


A clean tooth surface does not absorb the colouring agent. 
When pellicle and bacterial plaque are present, they absorb 
the agent and get colored. Pellicle can be seen as a thin, 
relatively clear covering. Bacterial plaque appears as a 
darker, thicker and more opaque discoloration. 


lt is a rarity to find patient without mild plaque. Disclosing 
solutions can stain very thin layers of plaque of doubtful 
clinical significance and may increase plaque scores of the 
patient. Thus, use of disclosing agent has its advantages and 
disadvantages in clinical practice. 


Mechanical Plaque Control: 


Mechanical plaque control is the most widely accepted and 
the most dependable mode of controlling microbial plaque. 
Correct hygiene procedures for oral cavity can prevent 
dental caries and periodontal disease. 


The aids that help in performing mechanical plaque control 
are the toothbrushes and the interdental cleansing aids. 
When properly performed in a systematic manner and in 
regular intervals, mechanical methods can control biofilm 
build-up. 


Manual brushes: 


Personal oral hygiene performed with a manual toothbrush 
is the most widespread method for plaque control, teeth 
cleaning and maintenance of gingival health. 


yy 
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Dr. Robert Hutson developed the modern toothbrush 
in 1950s with multi-tufted, flat-trimmed, end-rounded 
nylon filament brush called Oral-B manual toothbrush. It 
was emphasized to be an oral brush designed to clean all 
parts of the oral cavity and not merely a toothbrush. This 
original design was used in various forms over the years 
with minor modifications. The effectiveness depended on 
the toothbrush design, brushing technique, frequency and 
time spent brushing. 


There are several types of toothbrushes available in the 
market. The most accepted type is a flexible brush with 
soft bristles and round tips. 


The American dental association (ADA) has described the 
range of dimensions of acceptable brushes. These have a 
brushing surface from I-|'/sinches (25.4-31.8mm) long and 
5/16 to 3/8 inch (7.9-9.5mm) wide 2-4 rows of bristles, and 
5 to |2 tufts per row. 


@ Short-headed, relatively dense bristle bundles and 
soft to medium bristles with bristle thickness of 0.18 
to 0.25 mm and bristle length ranging from 10 to 
|2mm are recommended. 


@ Rounded and soft bristles are recommended as they 
are less damaging than hard and stiff bristles. 


¢ The desired diameter of the bristle is 0.007inch 
(recommended by bass). 


@ It is recommended to replace the brush every three 
months. 


Studies have shown that vertical bristles have limited 
penetration into the proximal areas. Hence, — small 
angulations > |2° led to increased penetration and enhanced 
the cleaning potential for hard to reach interproximal 
areas. Oral-B cross action brush head has bristles angled 
at 16° in both directions that has a better brushing action 
and cleansing efficiency per brush stroke than conventional 
brushes. 


Newer designs have two lateral rows of non-latex rubber 
nubs to improve cleaning and massage the gums for 
stimulation. 
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Fig. 42.4 Some commercially available toothbrushes 


Manual Tooth brushing techniques: 


Toothbrushing is a basic oral self-care method allowing 
effective control of plaque levels for prevention of cavities 
and maintaining healthy periodontal conditions (Attin & 
Hornecker, 2005). 


Tooth brushing is recommended as the first stage in an oral 
hygiene regime to loosen dental plaque and mechanically 
remove it. It reduces the biofilm produced by bacteria 
and can facilitate subsequent penetration of antiseptics to 
reduce bacterial loading. 


Brushing twice a day with fluoride toothpaste has been 
widely promoted by the dental profession for many years 
because it plays an essential role in the prevention and 
control of dental cavities and periodontal diseases (Davies, 
Davies, Ellwood, &Kay, 2003). 


Greater toothbrushing forces may be needed to remove 
biofilm from buccal sites and premolars which are located 
in the intermediate position. 


A simple scrubbing technique is the most commonly 
employed and used consistently during brushing. The 
scrubbing technique may have an increased risk of tooth 
trauma. Most people brush their teeth for less than optimal 
time period, inadequately removing plaque from gingival 
margins and proximal surfaces of teeth. Plaque accumulates 
in these proximal regions of premolars and molars where 
high prevalence of gingivitis is noted. 
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Studies have also shown that the rate of complete 
compliance with suggested toothbrushing is less than 50%. 
Hence regular motivation and to repeat the oral hygiene 
instructions at subsequent visits are necessary. 


An vitro study by Bizhang et al showed that manual 
toothbrushes are significantly less abrasive compared to 
power toothbrushes for an 8.5-year simulation. 


Bass /Sulcularbrushing method: 
It is the widely recognized brushing technique. 


@ Bristles are directed into the sulcus at a 45-degree 
angle to the long axis of the tooth. Exert gentle 
vibration using short back and forth motions without 
dislodging the tips of the bristles in a horizontal 
direction. Perform multiple strokes in each position 
(about 20). 


@ It is effective at removing plaque from gingival third 
and from gingival sulcus (Sulcular cleaning). 


Modified Bass technique: 


@ It is the most commonly taught technique in clinical 
practise. It employs a circular vibratory motion on 
the buccal and lingual surfaces of the teeth instead of 
the back and forth motion of the bass technique. 


Stillman’s technique: 


@ The bristles are positioned on the attached gingiva 
and directed apically at 45-degree angle to the long 
axis of the tooth. The brush is activated by short back 
and forth mini-scrub vibratory strokes. 


 Itstimulates the gingiva.It is used in cases of progressive 
gingival recession. It is sometimes suggested for use 
after periodontal plastic surgery. 


Charters technique: 


The bristles are directed towards the occlusal surface 
at a 45-degree angle to the long axis of the tooth. The 
brush is activated with short back and forth strokes. 


@ It is recommended for temporary cleaning in areas 
of healing after periodontal surgery. It is also advised 
in the presence of orthodontic appliances and fixed 
prosthesis. 


Leonard technique: 


@ An “up and down” vertical brushing movement is 
employed. 
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Fones technique: 


@ Bristles are placed perpendicular to the buccal and 
lingual surfaces and the brush is moved in circular 
motion. 


@ It is easy to learn and is used in young children with 
primary teeth. 


Powered toothbrushes: 


They were first tested in 1939 and are marketed since | 960. 


Newer brushes have been modified with high-frequency 
movements. They are electromechanical brushes and sonic 
brushes. The newer generation of powered toothbrushes 
removes plaque better than manual toothbrushes. 


@ They are especially useful when patient lack manual 
dexterity. 


@ They remove plaque faster than manual brushes. 


@ They have a rotating, oscillating or sonic action to 
remove plaque and reduce gingivitis. Other modes 
of action like side to side, counter-oscillation, circular 
actions are less consistent in plaque removal. 


@ Sonic brushes remove stains from teeth. 


@ The 2 minutes timer in the powered brushes helps 
the patient brush the teeth adequately which they 
seldom do when brushing manually. 


@ They can be used around implants for plaque 
control. 
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Fig. 42.5 Commercially available electromechanical/Powered 
toothbrushes. 
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Fig.42.6 A commercially available sonic toothbrush 


Sonic/Ultrasonic toothbrush: 


It was introduced in 1992 under the Sonicare brand name. 
Other brands available include Oral-B Pulsonic and Crest 
Spinbrush Proclean Sonic toothbrushes and Ultrasonex 
Ultima. It has a removable centre head and operates at a 
frequency of |.6MHz. 


It has both mechanical cleansing action with its bristles and 
sonic action due to its high speed of vibration. The brush 
can oscillate at speeds of 31000 brush strokes/minute, 
when conventional electric brushes operate at 2500-7500 
strokes/minute. 


It is claimed to disrupt plaque even in the areas not in 
contact with the bristles upto 4mms beyond the bristles. 
This non-contact removal is usually less than mechanical 
removal. 


Minute bubbles are created in the fluids surrounding the 
teeth and are forcefully propelled against tooth surfaces. 
The manufacturer suggests that sonic waves that are 
transmitted subgingivally, can remove adherent bacterial 
plaque and disrupt bacterial growth by fluid pressures 
and shear forces created by vigorous movement of brush 
head. 


There is no conclusive evidence on its advantage over 
traditional brushing methods. In-vitro studies reveal better 
cleaning efficiency and lesser dentin abrasion but further 
research is needed. 
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There is tentative evidence that psychological approaches 
to behaviour management like use of reinforcement, goal 
setting and provision of feedback can improve oral hygiene 
and oral hygiene-related behaviours. 


Toothbrush Trauma 


Improper toothbrushing can lead to toothbrush 
trauma. 


Teeth prominent in the arch especially canine and 
premolars are mostly affected on the buccal surface. 


Abrasion rate: Enamel < Dentine < Cementum 


Interdental cleaning aids: 


Brushing techniques can efficiently clean biofilm present 
on free surfaces of teeth like occlusal, buccal and lingual 
surfaces. However, most of the periodontal and carious 
lesions begin from interproximal regions and brushing is 
ineffective in cleaning those regions. Hence, flossing, rubber 
stimulators, proximal brushes, single-bristle brushes and 
irrigators may be needed to achieve adequate cleaning in 
proximal regions. 


Dental floss: 
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Effective for flat or convex proximal tooth surfaces 
with full embrasures. 


Types: Waxed or unwaxed, twisted or untwisted, 
bonded or unbonded, flavoured (mint,etc.), medicated 
(flouride) and thick or thin. 


Cut about [2-15 inches in length and wrapped 
around fingers. Inserted obliquely in a sawing motion 
interdentally and moved apico-coronally adapting 
the floss against the proximal surface of the tooth 
securely in a C-shaped configuration. 


@ Indicated for narrow interdental spaces. 


@ Floss has been shown to be effective at removal 


of interproximal plaque upto a depth of 2mm. 
(Waerhaug) 


Consensus reports by Chapple etal (2015) and Ciancio 
et al indicate weak scientific data to advocate flossing. 
It cannot be recommended other than for sites of 
gingival and periodontal health where interdental 
brushes will not pass through the interproximal area 
without trauma. It has to be a clinician’s decision 
based on patient needs and dexterity 
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Fig. 42.7 Some commercially available dental floss 


Superfloss® 
¢ Acommercially available Dental floss. 
e It has three parts. 
— Stiff ended threader. 
— Spongy floss 
— Regular floss. 
e This combination helps it to flow all the 
types of embrasures. 


Interdental brush: 
@ Small cone-shaped or tapered brushes. 


@ It is inserted interdentally and moved back and forth 


in facio-lingual direction. 


@ It is used in large open embrasures. It can be used 


to control plaque accumulation in root concavities, 
proximal surfaces and furcation areas. 
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@ The interdental brush is the most effective method 
for inter-dental plaque removal and hence is the 
device of choice for interproximal plaque removal. 
(Salzer et al 2015, Chapple et al2015) 


@ They require little manual dexterity when compared 
with dental flossing. 


@ As they can repeatedly be used they are cost 
effective. 
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Fig. 42.8 Interdental brush 


Type | Type Il Type Ill 
¢ Moderate interproximal 


¢ Minimal gingival recession 
papillary recession 


¢ Severe gingival recession. 
¢ Papilla fills the interproximal 


space. 


Excessive or complete loss of 


Rounded interdental papilla. 
papilla. 


¢ Superfloss, interdental 
¢ Dental floss can be used. Interdental brush, Gauze. 
brush, Triangular wedge are 
recommended. 


Fig. 42.9 Types of Gingival embrasure 





Fig:.4.10 Types of gingival embrasure 


(By EviDent.Prac (Own work) [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], via Wikimedia 
Commons) 
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Toothpick: Rubber tips: 


Made from soft-wood (balsa, birch, linden) and can be_ They are conical in shape and are mounted on a handle. 
round or triangular (similar to the shape of the interdental They are used similar to wooden toothpicks. 


area) in shape. Pa | | 
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@ Indications: used in open contacts, furcation areas, just 


under gingival margins and around fixed orthodontic 
bands. 


@ Toothpick moved in and out or up and down 
direction. 


@ Ciancio et al indicate that the interdental cleaning 
with the wood sticks seems the most appropriate 
regarding cost-effectiveness. 
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Fig. 49.12 Commercially available Rubber tips 





Gauze strips: Gauze strips of |-inch width cut into six- 
inch length can use to remove plaque from the proximal 
surfaces in presence of large diastemas. 


Fig. 42.1 1 Commercially available toothpick-Stim-U-Dent 
(Balsa wood wedge) 
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Oral Insights Interactive OHI system: 


It is a portable interactive OHI system developed by 
Unilever. It allows the dental professional and the patient 
to view the patient’s tooth brushing behaviour on screen, 
in real-time 3D and provide motivational feedback to 
improve toothbrushing behaviour. 


The patient wears a headset with sensors and simple 
measurements are taken to create a virtual model of 
their dentition. When the patient brushes, the position, 
orientation and movement of the toothbrush relative to 
each tooth is tracked, recorded and subsequently analysed 
by the system. 

Total time spent on tooth brushing and the contact time of 
toothbrush on each tooth can be studied. The areas that are least 
brushed can be visualized as ‘hot spot’ areas.A virtual plaque is 
created by a red spot on the screen and patient has to brush 
with the correct brushing technique shown by the clinician and 
remove the hot spot. Thus, it allows real-time visualization and 
interactive OHI sessions. 

At the end of session, a personal tooth brushing report is 
generated for the patient to take home for continued motivation 
and improvement of oral hygiene. 


Reasons for non-compliance of oral hygiene 
instructions and how to handle them in a clinical 
setting 


Improper or inadequate information or Poor understanding 
of recommendations. 


@ Be empathetic, use simple language and avoid being 
critical. 


@ Check if the patient understood by asking him to 
demonstrate. 


@ Spread instructions over visits. 

@ Repeat the oral hygiene instructions over visits. 
Patient’s unwillingness to perform oral hygiene. 

@ Dont overwhelm patients with information. 

@ Help patients where they are. 
Lack of motivation. 


@ Use models, demonstrate the techniques, find DVDs 
and online motivational material for the patient. 


Poor dental health beliefs. 


@ Better knowledge of patients cultural concerns help 
break barriers. 
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@ Provision of information in patients language of 
choice 


Stressful life events, depression & alcholism: 


@ Psychological counselling and deaddiction at times 
in such cases is necessary. 


Negative enviornmental influences on behavior change. 


@ Involve peers and family members to help in 
motivation. 


Clinical reviews: 


@ Health Behaviour School-Aged Children Study 
(HBSC) is aWorld Health Organization collaborative 
cross-national survey undertaken across 32 countries, 
and information of toothbrushing habits forms one of 
the core questions in the HBSC questionnaire. 


@ Kishimoto et al advocated the use of toothbrushing 
to reduce the incidence of bacteria. They reported 
that tooth brushing was more advantageous than 
antiseptic use alone, as it mechanically disrupts the 
bacterial environment and inhibits growth. It also 
prevents the formation of protective biofilm. 


@ There are many studies correlating mechanical plaque 
control and reduction in the incidence of ventilator- 
associated pneumonia in patients. Needleman et al 
reported that powered toothbrushes were highly 
efficient in removing dental plaque. 


@ It is not clear from the literature about the required 
frequency of tooth brushing, whether toothpaste 
should be used and if so what type is recommended. 
Most studies utilize Quigley-Hein Plaque Index to 
detect small differences in amount of biofilm and 
assess the efficacy of biofilm removal. 


@ Studies reveal that use of dentifrices provided a 
significant increase in biofilm removal. This could be 
attributed to abrasives present in dentifrices. 


@ Carvalho et al observed that hard toothbrushes 
removed more dental biofilm and caused more 
gingival abrasion than soft toothbrushes. Zanatta 
et al reported that medium toothbrushes removed 
more biofilm and caused more gingival abrasion 
than soft toothbrushes. However, the higher rate of 
gingival abrasion can lead to gingival recession in such 
patients. 
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@ Ximenez-Fyvie et al reported that the protocol 
of scaling, root planing and professional plaque 
control had a positive effect on the subgingival 
microbial composition in patients under periodontal 
maintenance. 


@ A systematic review by Rajapakse et al reported that 
tooth brushing frequency, tooth brushing technique, 
bristle hardness, frequency of changing toothbrush, force 
of tooth brushing, and duration of tooth brushing can play 
a role in gingival recession. 


@ Hellstadius et al have reported increased patient 
compliance by switching over to powered toothbrush 
from manual conventional oral hygiene procedures. 


@ Vanderkerckhove et al reported that electric toothbrush 
was safe and comfortable to use in partially or completely 
edentulous patients rehabilitated with an _ implant- 
supported fixed prosthesis. 


@ Wolf et al reported a better plaque removal for a sonic 
brush at four weeks, but no significant difference for 
manual brushing was seen at 3 or 6 months. 


@ Ciancio et al based upon the available evidence indicate 
that mechanical control of plaque (biofilm) remains 
the first priority and is best achieved with (twice)daily 
toothbrushing using a manual toothbrush with a fluoride- 
based dentifrice. 


@ Yaacob etalinareview found that moderate quality evidence 
showed that statistically Powered toothbrushes reduce 
plaque and gingivitis more than manual toothbrushing in 
the short and long term. 


Chemical Plaque Control / Anti-gingivitis 
Agents: 


Mechanical plaque control by tooth brushing and use of 
dental floss is the most common way for removal of biofilms. 
A recent systematic review suggested that self-performed 
mechanical plaque removal had its limitations. Therefore, 
adjunctive chemical plaque control might be beneficial. 
lt can deliver active ingredients to different areas of the 
mouth providing additional clinical and microbiological 
benefits. 


A number of chemical plaque control agents have been 
used over years. They have been effective at various levels 
as anti-plaque and anti-gingivitis agents but have little effect 
on periodontitis unless they are delivered sub-gingivally. 


These anti-plaque agents function by removing or 
disrupting biofilms or by preventing the formation of new 
biofilm without necessarily killing the component micro- 
organisms. 
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The time recommended for toothbrushing is 2 minutes for the 
whole mouth followed by flossing and rinsing with a mouthwash 
for 30-60 seconds. These agents should have sufficient quantity 
of active ingredients to be efficient within this short time or 
should have prolonged retention to be released over time and 
still deliver biological activity. 


Desirable characteristics of anti-plaque 
agents: 


@ Biocompatible; should have low toxicity and no 
adverse side effects. 

High potency. 

Good permeability. 


Intrinsic efficacy. 
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High substantivity. (Substantivity is the ability of an 
agent to adhere to soft and hard tissues and then be 
released over time.) 


@ Broad spectrum of action against bacteria, viruses 
and fungi 


¢ Cost effective. 
@ Pleasant to use. 


The frequently used chemical plaque control agents 
include chlorhexidine, povidone iodine and sodium 
hypochlorite. Mouthwashes with chemotherapeutic agents 
can complement mechanical methods in prevention and 
treatment of periodontal disease. As mechanical methods 
of brushing/flossing require more time, motivation and 
manual dexterity for efficiency, daily chemotherapeutic 
control of biofilm will be beneficial. 


Indications for mouthwashes: 


@ Patients with non-controlled risk factors like sugar- 
rich diet, poorly positioned teeth, orthodontic 
treatment, defective prosthesis or restorations. 


@ Patients with disabilities or dexterity problems 


@ Children up to 6 years of age — there is a risk of 
accidental swallowing and intoxication 


@ Elderly patients with oral-pharyngeal diseases 


@ Pre-treatment and post-treatment to avoid 
surgical complications 


@ To avoid pneumonia by aspiration of oral microbes 


@ Reducing symptoms in oral lesions like aphthae. 
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@ For wound tissue healing 


@ For alcoholics — non-alcoholic mouthwashes should be 
used 


Contra-indications for mouthwashes: 


Chemical control alone cannot remove biofilm and prevent 
gingivitis. It should not be recommended as a solution 
for patient lacking interest or motivation to adequately 
perform mechanical cleaning. 


The mouthwashes to be accepted by ADA should prove 
their efficiency in prevention and reduction of biofilm and 
gingivitis on usage. Only three ingredients have obtained 
the ADA seal of acceptance, 


|. Chlorhexidine gluconate (for short-term treatment) 
2. Essential oils (for daily use on long-term) 


3. Triclosan (present in dentifrices). 
Chlorhexidine: 


Chlorhexidine gluconate is a topically applied antibacterial 
agent. It is a diphenyl compound with limited action against 
viruses. 


@ Chemical formula: |:6-di[4-chlorophenyldiguanido]- 
hexane - C22H30CI2N10,2C6HI207 


@ Effective anti-plaque and anti-gingivitis agent. 


@ It is considered as the “gold standard” among the 
anti-plaque agents. 


Mechanism of action: 


<> It is a cationic biguanide that acts by rupturing cell 
membranes and precipitation of cytoplasm. 


<> It is a broad spectrum anti-microbial with effects 
against gram positive and gram-negative bacteria, 
yeasts including candida and some lipophilic 
viruses like HIV and HBV. 


<> It has bacteriostatic, bactericidal and fungicidal 
activity. Prolonged exposure increases. the 
bactericidal effect. 


<> It binds covalently to cutaneous and mucosal 
proteins with limited systemic absorption. 


<> It does not cause any bacterial resistance and supra- 
infection on long-term usage. 
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<> It forms a white coating layer over the damaged area 
due to substantivity of chlorhexidine, which coagulates 
salivary and serum proteins forming a protective 
barrier. 


@ It is used as digluconate ester for topical applications like 
mouthwashes, dental gels and toothpaste. 


@ It is available as 0.12% solution in United States and 0.2% 
outside United States. 


<> Ernst stated that the increase in concentration 
of chlorhexidine from 0.1 to 0.2% provided no 
clinical advantage or disadvantages. 


<> Addy states that 0.1% formulation produced less 
Staining, particularly when diluted. 


<> James et al (2017) in a review concluded that 
there is no evidence that one concentration 
of chlorhexidine rinse is more effective than 
another. 


<> Optimum dose is 20mg twice a day as 10-15ml 
mouth rinse for 30 seconds twice daily after 
brushing and flossing teeth. 


@ Chlorhexidine preparations which do not contain 
alcohol are also available in the market. Leyes et al 
stated that the alcohol-free rinse was as effective as 
one containing alcohol in controlling plaque and 
reducing gingival inflammation. 


_ ENJUAGUE BUCAL 
_ BAIN DE BOUCHE 





Fig. 49.12 A commercially available chlorhexidine (0.12%) 
mouth rinse 
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Drug interactions: 


@ Patient should be advised to allow at least 30 minutes 
to lapse between use of a dentifrice and rinsing with 
chlorhexidine. 


@ Interactions of chlorhexidine with sodium lauryl 
sulfate and sodium monofluorophosphate (fluoride) 
contained in the dentifrice may reduce its effectiveness. 
It is incompatible with soaps and other anionic 
materials. 


Advantages: 
@ It is safe, stable and effective 


@ It is a broad spectrum bactericidal and bacteriostatic 
action. 


@ It prevents and controls plaque formation. It also 
breaks up existing plaque. 


@ It also inhibits and reduces the development of 
gingivitis. 
@ It exhibits the quality of substantivity. It allows the 


antimicrobial activity to continue over 6 hours or 
more. 


It has strong affinity for tissues 


@ It does not produce any bacterial resistance or supra- 
infection following long-term usage. 


Uses: 


@ Enhances wound healing; when chlorhexidine rinses 
are used before extractions and after scaling and 
root planing or periodontal surgery, 40 hours after 
surgery and not more than |0 days for each course. 


@ As a pre-rinse, it reduces the salivary bacterial load 
by approximately 90%. It minimizes the aerosol 
contamination associated with various dental 
procedures. 


After periodontal surgery. 

In handicapped patients. 

Implant dentistry 

Management of dental caries 
Patients with mandibular fixation 


Medically compromised patients 
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Recurrent aphthous ulcers 


Periodontics & Oral Implantology 


Plaque control 


@ Orthodontic patients 


¢ Control of bacteraemia and operatory contamination 
by oral bacteria 


@ Use of chlorhexidine gel could reduce the incidence 
of alveolar osteitis due to its broad spectrum of 
activity against oral bacteria. 


@ Daily oral care with chlorhexidine can be used to 
control oral colonization of organisms causing 
ventilator-associated pneumonia in_ critically ill 
patients. 


Safety: 


It is safe and effective when used as a mouth rinse. But 
hypersensitivity reactions have been reported. 


@ It may induce an immediate type of hypersensitivity 
like contact anaphylaxis by topical application on 
mucosa or skin. 


@ It can induce delayed-type hypersensitivity reactions 
like allergic contact dermatitis at the site of 
application. 


@ Alcoholic solutions may cause dehydration of proteins 
on stratum corneum. 


@ Kounis syndrome, a myocardial ischemia induced by 
a vasospasm associated to anaphylaxis after topical 
application has been described. 


@ There is a risk of sensitization and allergy to health 
care workers exposed to chlorhexidine. 


Side effects; 
¢ Bitter taste 


@ Brown staining of teeth, tongue, silicate and resin 
restorations. 


Extrinsic tooth staining is a side-effect in 37% of the 
individuals who use chlorhexidine. Rinsing with 
chlorhexidine mouthrinse for 4 weeks or longer causes 
extrinsic tooth staining. (James et al 2017)This could be 
due to the result of a local precipitation reaction between 
tooth-bound chlorhexidine and chromogens found in 
food and drinks. It may be visible as early as one week 
after therapy.It is more pronounced in patients with heavy 
accumulation of plaque. 


Hence, oxygenating agents are used along. with 


chlorhexidine to reduce staining. 
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@ Increased supragingival calculus formation. It may be 
due to precipitation of salivary proteins on the tooth 
surface, pellicle thickness and increased precipitation 
of inorganic salts on or in the pellicle layer. 


Taste alteration/ change of taste sensation. 
Oral itching and soreness 

Burning sensation 

Hypersensitivity 

Mucosal desquamation / mucosal lesions 
Anesthetized sensation 


Occasional parotid gland swelling 
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As it is cationic in nature, it can be incompatible 
with anionic compounds like dentifrices that may 
neutralize its action. 


Role of Chlorhexidine in periodontal therapy: 


@ It is effective in controlling gingivitis established by 
gingival Index and Papillary bleeding index, although 
it does not completely eliminate plaque and resolve 
gingivitis 

@ P. gingivalis and gram-negative cocci exhibit low 
susceptibility to chlorhexidine. 


@ It is usually used for short-term (1-6 weeks). 


@ Use of chlorhexidine resulted in approximately 33% 
less plaque and 26% less gingivitis than controls. 


@ It is an effective adjunct to oral hygiene procedures. 


@ Figuero et al (2017) reviewed the mechanical 
and chemical plaque control in the simultaneous 
management of gingivitis and caries. They concluded 
that the “addition of fluoride to mechanical plaque 
control is relevant for caries management while 
chlorhexidine rinses are relevant for gingivitis. 
Mechanical plaque control procedures are effective in 
reducing plaque and gingivitis. The addition of fluoride 
to mechanical plaque control is significant for caries 
management. Chlorhexidine rinse has a positive effect 
on gingivitis and inconclusive role in caries”. 


Povidone-lodine (BETADINE); 


Povidone-iodine is classified as an iodophor, created by 
adding polyvinyl-pyrrolidone to elemental iodine. It is in use 
for more than 1[50 years in mucosal antisepsis, treatment 
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of skin infections and burns along with management of 
wounds. 


lt is a water-soluble antimicrobial and is effective against 
many types of microorganisms, including bacteria, viruses 
like cytomegalovirus, and fungi. It does not irritate healthy 
or diseased oral mucosa and has no adverse side effects 
like discoloration of teeth and tongue, taste alterations 
seen with chlorhexidine. 


Invitro killing of periodontopathic bacteria was noted with 
short durations of contact with povidone iodine. 


Uses: 
@ Pre-surgical scrub for skin disinfection. 
@ Pre-procedural rinse. 


@ Mouth rinse — reduces gingival surface bacteria by 
33%. 


@ Irrigants in various dilutions. 


<> 10% concentration as subgingival irrigant — 
may be done before mechanical debridement/ 
tooth extraction to reduce bacteremia or after 
completion of each session of scaling/root 
planing. 

10% povidone-iodine is diluted by mixing | part 
solution with 9 parts of water for use in ultrasonic 
scalers. 


0.1% or 0.5% solutions could be used for clinical 
improvement in periodontitis. 


<> 


¢ Controlled release device for subgingival application. 
@ Can be used to treat HIV-related oral infections. 


Combinations: 
@ Used in combination with hydrogen peroxide. 


@ Can be used along with systemic antibiotics to treat 
advanced periodontal lesions. 


Side effects: can temporarily stain teeth and soft tissues. 
Contraindications: 


@ In patients with known allergies to povidone-iodine 
or shellfish. 


@ Thyroid dysfunction. 
@ Pregnant or lactating females. 


@ Prolonged use of povidone-iodine may lead to iodine 
toxicity and induce hyperthyroidism. 
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Sodium hypochlorite: 


Sodium hypochlorite (household bleach) has been used as 
a disinfectant for more than 100 years and as an antiseptic 
for more than 85 years. It is also used as an endodontic 
irrigant for more than 75 years. 


lt has broad antimicrobial activity, as it is an effective agent 
against bacteria, viruses, and fungi. lt has rapid bactericidal 
action, relative non-toxicity at lower concentrations, no 
colour or staining. 


Its active molecule is undissociated hypochlorous acid 
(HOC). 


Uses; 


@ Antiformin - A concentrated solution of sodium 
hypochlorite used as an epithelial specific solvent and 
subgingival irrigant for periodontal disease. 


@ Dakin’s solution — 0.5% sodium hypochlorite showed 
greater reduction in plaque and proportion of 
subgingival spirochetes. It also reduced gingivitis. 


@ Subgingival irrigation can be done | part of bleach 
with 49 parts of water or 5ml bleach with 250ml of 
water, producing |O000ppm of available chlorine. 


@ Highest bactericidal activity was noted with 2.25% 
sodium hypochlorite. 


@ Lower concentrations could be used as debriding 
agent and topical antibacterial agent for wounds and 
skin ulcers. 


@ Itcan be used to lyse the soft tissue wall of periodontal 
pocket with minimal effect on adjacent tissues or on 
healing. 


@ It can be used in maintenance phase of periodontal 
therapy. 


@ ADA recommends used of dilute sodium hypochlorite 
as a topical antiseptic, for irrigation of wounds and as 
a mouthrinse. 


Advantages; 
@ Ease of access. 
@ Low cost. 
Disadvantages; 


@ Its activity is reduced in presence of organic material, 
heavy metal ions and low pH. 
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¢ Odour. 
¢ Taste of bleach 


@ Need for fresh solutions, as it loses strength gradually 
with time if not stored in closed, brown, opaque 
containers. 


@ Some corrosive effects on metals. 
@ Bleaching if spilled on surfaces or on colored fabrics. 


@ Can irritate oral mucosa in higher concentrations. 
Keyes’s technique; 


Baking soda, salt and hydrogen peroxide were used as a 
dentifrice and irrigation was done with a salt solution. 


Sanguinarine; 


It is an herbal alkaloid extract from the plant Sanguinaria 
canadensis or blood root. It is often augmented with zinc 
chloride. It acts by altering the bacterial cell wall and 
reducing their attachment and aggregation. 


It is a wide spectrum antiseptic. Short-term studies showed 
some reduction in plaque and gingivitis but long-term 
studies had conflicting results. Its low clinical efficacy could 
be due to conversion to pseudobase form in the pH of 
GCF. 


Its MIC ranges from |-32 ug/ml compared to 0.06-32 g/ 
ml for tetracycline. 


Triclosan: 


It is bisphenol with broad-spectrum antimicrobial activity. 
@ It is a non-ionic germicide. 


@ With zinc citrate, it has additional anti-plaque and 
anti-calculus effects. 


@ With copolymer polyvinylmethyl and maleic acid, it 
has increased substantivity. 


@ With pyrophosphates, it has enhanced anti-calculus 
properties. 


Essential oils; 


Chemotherapeutic agents containing essential oils have 
been used for oral care for many years. These are odorous, 
volatile products of secondary plant metabolism. They have 
strong anti-microbial effect and other medicinal properties. 
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They were used extensively by ancient Egyptians 
for cosmetics, embalming and other medical applications. 


They have a broad antimicrobial effect against aerobic 
and anaerobic micro-organisms, gram positive and gram 
negative bacteria, yeast and fungi. They promote a reduction 
in bacterial endotoxins and pathogenicity of biofilms. They 
can penetrate deep into the biofilms. 


Listerine: 


@ Contains thymol, eucalyptol, menthol, and methyl 
salicylate. 


@ Mechanism of action; cell disruption and inhibition of 
bacterial enzymes. 


@ It contains alcohol as a vehicle. (24%) 
Uses: 

@ Pre-procedural rinse. 

¢ Anti-plaque agent. 

@ Reduces gingivitis. 
Disadvantages: 

@ May impart a burning sensation. 
Contraindications: 


@ In patients recovering from alcohol dependency. 


LESS INTENSE 
ZERO ALCOHOE 
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Fig. 49.13 A commercially available essential oil mouth rinse. 
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Clinical reviews: 


@ Fine etal reported a significant reduction in subgingival 
pathogens after |4 days of using an essential oil- 
containing mouthwash in periodontal patients. 


@ Cortelli et al reported a beneficial reduction in 
plaque and gingival inflammation without alteration 
in basic salivary patterns in patients with advanced 
periodontal disease. 


@ Charles et al,Gunsolley and Sharma et al reported 
superior efficiency of essential oil mouth rinse against 
cetylpyridinium chloride (CPC) in reducing plaque 
and gingivitis. 


@¢ Van Leeuwen et al did a systematic review on 
mouthwashes with essential oils. They reported that 
these mouthwashes were similar to chlorhexidine in 
the long term for controlling gingival inflammation 
without staining of dental and soft tissues. 


@ Studies reveal that the plaque left behind after brushing 
can absorb active ingredients from dentifrices and 
mouthrinses. These residual ingredients can exert 
antimicrobial action even for 2 hours after their 
usage. 


@ A recent consensus report by Ciancio et al reviewed 
the available data concluded that moderate evidence 
that dentifrices and mouthwashes are efficacious for 
prevention/reduction of plaque-related gingivitis. 


Chemical agents added to dentifrices (triclosan or SnF2) 
and mouthwashes (CHX, EO, CPC) can be of value and are 
recommended. 


It is recommended that mouth washes and dentrifices be 
used as an adjunct tomechanical plaque removal. 


@ Salvi and Ramseier in a review showed that long- 
term outcomes of peri-implant mucositis therapy are 
lacking and the efficacy of powered toothbrushes, 
triclosan-containing toothpaste and adjunctive 
patient-administered antiseptic rinse, irrigation or gel 
remains to be established. 


Zinc-containing compounds: 


Zinc salts have anti-microbial effect and reduce production 
of volatile sulphur compounds. It is incorporated into 
lozenges as zinc gluconate to control oral malodour. 


It has low toxicity and does not stain teeth. 
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Fluorides: 


Fluoride inhibit several bacterial 


enzymes. 


in toothpaste can 


Chewing gums: 


It could be cost-effective and beneficial for patients with low 
toothbrushing compliance. It can be used as a mechanical 
salivary stimulant. Sugar-free chewing gums and candies 
with antimicrobials like zinc citrate are available. 


Nutrition, Medicinal plants and dietary supplements 
and periodontal disease: 


Medicinal plants like Salvadora persica (miswak), Arnica 
montana, Hamamelis virginiana, Nigella sativa (Black seed/ 
black cumin), spirulina, green tea, grape _ fruits, 
Japanese apricot, Kiwi fruit and cranberries are used 
for their antioxidant, anti-bacterial and §$anti- 
inflammatory effects. 


Bisbiguanide - Chlorhexidine 


Inhibits sugar transport, acid production, 
amino acid uptake, polysaccharide synthesis 
and protease activity. 


Alters bacterial membrane functions 


Essential oil extracts - Menthol, 
Thymol, Eucalyptol, Mehtyl! salicylate 


Natural molecules like Plant extracts 
Inhibit acid production and bacterial 
growth, 


Reduces lipopolysaccharide 


Plaque control 


Aloe vera, eucalyptus extract, turmeric, Centella asiatica, 
Azadirachta indica (Neem), Quercus brantii, Coriandrum 
sativum, peppermint oil, sage oil, chamomile, clove oil, 
caraway oil have been used to reduce symptoms of 
periodontal disease. 


Omega-3 fatty acids from cod liver oil, fish oil, marine animals 
like sardine, herring mackerel, salmon and menhaden, Flax 
seed oil and nuts like walnuts are also rich in essential 
fatty acids. Lactic acid foods such as dairy intake may be 
beneficial for periodontal disease. 


Ciancio et al reviewing the available evidence stated 
that the recommendations regarding the use of herbal 
medicaments in plaque and gingivitis are currently not 
possible due to a lack of sufficient evidence supporting 
their use. Moreover, that further studies are required to 
determine the antiplaque and anti-gingivitis properties of 
herbal additives to dentifrices and mouth washes. 


Enzymes - Mutanase, Dextranase, 
Amylogluocidase, Glucose oxidase 


Degrade bacterial polysaccharides in 
biofilm matrix, boost salivary 
peroxidase system 


Inhibit bacterial glycolysis 


Metal salts- Zinc, copper, stannous 
lons 


Phenols - Triclosan 


Inhibit sugar transport, acid production 
and protease activity 


Surfactants-Sodium lauryl sulphate, 
Delmopinol 


Quarternary ammonium compounds- 
Cetyl pyridinium chloride 


Damage cell membranes and inhibit 
peek a raya ga oce 





Fig. 49.14 Mechanism of action of anti-plaque agents. 
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Biological plaque control: 


lt is anew approach to control biofilm formation. It includes 
two categories — Probiotics and Vaccines. They can control 
the subgingival growth of periodontal pathogens. Further 
research is needed to evaluate their potential effects in 
control and prevention of periodontal disease. 


Probiotics: 


Probiotics are currently defined by the World Health 
Organization as_ live micro-organisms which, when 
administered in adequate amounts, confer a health benefit 
on the host. 


Specific strains of lactobacilli are used as probiotics 
to control the colonization of oral pathogens and 
inhibit growth of A.actinomycetamcomitans, Pgingivalis and 
Pintermedia. 


Probiotics can also exert anti-inflammatory effect by 
controlling production of cytokines and reducing gingival 
inflammation. It can regulate the expression of phagocytosis 
receptors in neutrophils and enhance activity of NK-cells. 


Vaccines: 


@ Active and passive immunization have been applied 
for immunotherapy against periodontitis. It is targeted 
against virulence factors of P. gingivalis including LPS, 
fimbriae, hemagglutinin, hemolysin, Rgp and Kgp. 


@ Passive immunization can be done with specific 
antibodies derived from hen egg yolk. 


@ Effective immunization against periodontal disease 
can be achieved by local application of a specific 
antibody to the gingival area instead of intravenous 
injections. Further research is necessary for validation 
of the test results. 


Professional plaque control: 


lt includes removal of dental plaque from all accessible 
surfaces using curettes and ultrasonic devices. It is followed 
by polishing with rubber cup and dentifrice/polishing agents. 
All interproximal surfaces are cleaned with dental floss. 


Strict professional plaque control as a part of active 
periodontal therapy was first described in 1970s. 
Investigators reported that removal of supragingival plaque 
every two weeks produced clinical and microbial benefits. 
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Recent molecular and genetic studies report that several 
periodontal pathogens are present in high numbers in 
supragingival plaque and it could contribute to subgingival 
recolonization. 


Conclusion: 


Patients should be taught effective plaque control 
techniques to control dental biofilms and oral health. 
Antimicrobial and antiplaque agents in oral care products 
can augment mechanical plaque control. 


Review Questions: 


Essay Questions: 


|. Enumerate the various brushing techniques. Write 
in detail about charter’s technique of brushing 
technique. 

2. Discuss the role of chlorohexidine in periodontics. 

3. Describe the various available powered toothbrush. 

Short notes: 

4. Write a note on disclosing agents. 

5. Write a note on dental floss. 

6. Write a short note on the interdental toothbrush. 


Principal references and suggested further 
reading: 


@ Addy M. Chlorhexidine compared with other locally 
delivered antimicrobials: a short review. J Clin 
Periodontol 1991; 13: 957-64. 


@ Andrews T, Steen C.A review of oral preventative 
strategies to reduce ventilator-associated pneumonia. 
Nursing in Critical care. 2013; 18:3: 116-122. 


@ Bizhang M, Schmidt |, Chun Y-HPR Arnold WH, Zimmer 
S. Toothbrush abrasivity in a long-term simulation on 
human dentin depends on brushing mode and bristle 
arrangement. PLoS ONE 2017:12(2): e0172060. 
https://doi.org/10.1371/journal.pone.0 172060 

¢ Braga AS, PiresJG, Magalhaes AC. Commercial 
antimicrobials mouthrinses on caries and 
periodontitis-related biofilm control: a review of 
literature. Braz Dent Sci 201 7;20(3): 13-23 

@ Calogiuri GF Di Leo E, Trautmann A, Nettis E, 


Ferrannini A, et al. Chlorhexidine Hypersensitivity: A 
Critical and Updated Review. J Allergy Ther 2013; 4: 
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Chapter Outline: 


¢ Definitions and terminology. 

¢ Categories of Scaling and Root Planing. 

¢ Conventional staged scaling and root planing. 
¢ Full-mouth disinfection. 

¢ Effects of Scaling and Root Planing. 

e Review Questions. 

¢ Principal sources and further reading. 


DEFINITIONS AND TERMINOLOGY: 


ORAL PROPHYLAXIS: The removal of plaque, calculus, 
and stains from the exposed and unexposed surfaces of 
the teeth by scaling and polishing as a preventive measure 
for the control of local irritational factors. (Glossary of 
Periodontal Terms, 2001 ) 


SCALING: Instrumentation of the crown and root surfaces 
of the teeth to remove plaque, calculus, and stains from 
these surfaces. (Glossary of Periodontal Terms, 2001). 


SCALING: It is the removal of bacterial plaque/ biofilm, 
mineralised plaque deposits (also referred to as calculus 
or tartar), debris and stains from both supragingival and 
subgingival surfaces. 


ROOT PLANING: A treatment procedure designed 
to remove cementum or surface dentin that is rough, 
impregnated with calculus, or contaminated with toxins or 
microorganisms. (Glossary of Periodontal Terms, 2001) 


POLISHING: The mechanical removal of any residual 
extrinsic stains and deposits. It is undertaken by using a 
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rubber cup or bristle brush loaded with a prophylaxis 
paste. 


Professional tooth cleaning (PT C) — removal of supragingival 
plaque with or without calculus removal. (Jepsen et al. 
2017) 


Structured prophylaxis programme — PTC plus oral 
hygiene instruction, motivation, dietary advice, fluoride 
application, etc. (Jepsen et al. 201 7) 


Motivational programme — information and motivation 
about oral health and disease, oral hygiene instruction and 
supervised oral hygiene procedures, all given on a regular 
basis. Jepsen et al.,201 7) 


DEBRIDEMENT: The removal of inflamed, devitalized, or 
contaminated tissue or foreign material from or adjacent 
to a lesion. (Glossary of Periodontal Terms, 2001) 


PERIODONTAL DEBRIDEMENT (Scaling and root 
planing) is the removal of bacterial plaque biofilms and 
calculus deposits from the crown and or root surfaces 
and from within the pocket space but does not include 
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the deliberate, aggressive removal of cementum. (Nield- 
Gehrig JS) 


It is thorough mechanical removal of biofilm and calculus 
from periodontally diseased root surfaces. 


Smart et al initially suggested the term periodontal 
debridement to describe the light overlapping strokes 
used for instrumenting the tooth with a sonic or ultrasonic 
scaler. 


ULTRASONIC DEBRIDEMENT: It refers to the 
removal of plaque and calculus from the root-surface 
with an ultrasonic device without the smoothening of 
cementum. 


NON-SURGICAL PERIODONTAL THERAPY 
(NSPT) consists of scaling and root planing combined 
with oral hygiene instructions. (Keestra et al.) 







Oral hygiene 
Instructions 


Supragingival 
scaling 
Non- 
Surgical 
Periodontal 


Therapy 


Correction or 
elimination of 
plaque retentive 
factors 


Subgingival 
debridement 


Fig. 43.1 Non-Surgical Periodontal Therapy 
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Rationale of periodontal debridement: 


Mechanical disruption and removal is the most important 
way of dealing with subgingival biofilms. The rationale for 
root planing is to allow the gingival tissue to heal close to 
the root, shrinking the tissue and reducing the depth of the 
pocket that has formed 


Advantages of scaling and root planing: 


Scaling and root planing (SRP) is the gold standard 
treatment for most patients with chronic periodontitis. It 
has a clear effect in reducing plaque-induced inflammation. 
SRP also reduce the bacterial load. The removal of bacterial 
plaque and their products also reduce or eliminate the oral 
malodour. 


Reduction of Plaque and Securing a biologically 
| Calculus. acceptable root 

Resolves Gingival surface. 

inflammation /Gingivitis. Resolving 


Resolves gingival inflammation. 


bleeding. Reducing pocket 


depths. 


Facilitating oral 
hygiene procedures. 


Hence will reduce 
progression to 
periodontitis. 


Scaling 


Removal of stains- 
Improved aesthetics. 


Improving or 
maintaning 
attachment levels. 


Preparing tissues for 
surgical procedures. 


Root Planing @& 


Fig. 43.2: Scaling and root planing 


CATEGORIES OF SCALING AND ROOT PLANING 


nOlO} I 
PLANING 


SCALING 


Prophylactic root planing 


¢For routine maintenance or 
as a preventive measure-Is 


Supragingival scalin 
Praging 5 only of historical interest. 


Therapeutic root planing 


¢Performed during a 


Sub gingival scaling treatment procedure. 





Fig. 43.3 Scaling and root planing 
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PROCEDURE: 
@ A sharp instrument is to be used for hand scaling. 


@ Scaling should be carried out in an apical to coronal 
direction. 

¢ A finger rest should be at the closest possible to the 
tooth being scaled. 

@ The cutting edge ofthe tip of the instrument should 
be maintained at an angulation of approximately 45°- 
90° angle to the tooth surface. 





Root 
Hand melallatca Hand 
instruments: instruments: 
Sickle Scalers, Curettes, Thin and 
Chisels, Hoes etc. slender files. 
Sonic and Sonic and 
Ultrasonic Ultrasonic 
Instruments Instruments 


Fig. 43.4 instruments used in scaling and root planing 





Fig. 42.5 Oral hygiene Procedure (Pre-procedure and Post- 
Procedure) (courtesy Dr. Neha) 





Scaling and Root Planning 





A 





Fig.42.6 Oral hygiene Procedure(Pre-procedure and 
Post-Procedure) (courtesy Dr. Neha) 


Conventional staged scaling and root planing: 


lt is a staged approach towards scaling and root planing. The 
scaling and root planing is carried out in either sextants 
or in quadrants. It gives adequate time for the clinician to 
know the patient better as the treatment takes several 
appointments. The clinician can utilize this time period to 
bring about positive behavioral changes in the patient such 
as smoking cessation and better oral hygiene. 


Full-mouth disinfection (FMD): 


Quiryen et al from the University of Leuven proposed the 
therapeutic concept of full-mouth disinfection. 
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The rationale behind this procedure is to avoid bacterial 
translocation to already treated sites, from other oral 
niches (tongue, mucosa, saliva) and from _ untreated 
periodontal pockets. 


It consisted of scaling and root planing of all pockets 
combined with the topical application of chlorhexidine, 
within 24 hours. 


The procedure consists of: 


¢ |-minute brushing of the dorsal surface of the tongue 
with a chlorhexidine gel (17%). 


@ |-minute mouth irrigation with a chlorhexidine 
solution (0.2%) with pharynx in contact with the 
solution for the last 10 seconds of the rinse. 


@ After the completion of each scaling and root planing, 
all pockets should be irrigated subgingivally with a 
chlorhexidine gel (1%) three times within |0 minutes 
with the irrigation being repeated after one week. 


@ The patient is instructed to mouth-wash with |0ml 
of a chlorhexidine solution (0.2%) twice daily for | 
minute over a 2-week period 


Some studies have reported significant improvements in 
clinical outcomes with full mouth disinfection while others 
did not. 


The disadvantages include: 

@ Longer treatment time. 

@ Needs administration of local anesthesia. 

@ May cause recurrent herpes labialis. 

@ May cause an increase in body temperature. 
Various modifications of FMD have also been studied. 


Concrete evidence about the clinical advantages of 
one method over the other is lacking. Hence, it is agreed 
that the choice of one or other treatment modality 
should be based on patient preferences, professional 
skills, logistic settings, and cost-effectiveness. 


However, in a review by Fang et al, the authors 
noted that FMD had modest additional clinical 
benefits over quadrant scaling and root planing, so the 
authors prefer to recommend FMD as the first choice for 
the treatment of adult chronic periodontitis. 
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Limitations of Scaling and Root planing: 


@ Inability to access deep and tortuous pockets, distal 
surfaces of molars, mesial surfaces of upper first 
premolars with root grooves, furcation involved 
sites in multirooted teeth, root irregularities or 
anomalies and hence their management. 


@ Inability to eliminate — certain 
Es., Aggregatibacter actinomycetemcomitans 


pathogens. 


@ Studies have shown that smokers do not respond 
as well as non-smokers and show less favorable 
outcomes and less reduction in probing depths. 


@¢ Complete removal of plaque and calculus are not 
always possible. 


Adverse effects of Scaling and Root planing: 


Scaling and root planing is invasive in nature but is a non- 
surgical procedure. 


¢ Gingival recession: In shallow pockets of less 
than 3 mm it may cause loss of attachment especially 
with thin gingival biotypes. 


¢ Damage to or loss of tooth substance: It is 
especially evident in case of the earlier concepts of 
root planing where the clinicians meticulously made 
the hourglass like root surface resulting in significant 
amounts of tooth loss. 


¢ Root Sensitivity: Root sensitivity is distinct 
from dentinal hypersensitivity in that the former is a 
result of periodontal therapy or periodontitis, the 
latter of hydrodynamic stimulation. 


Current best evidence suggests that over half of all patients 
suffer from root sensitivity after periodontal treatment. 
The intensity of root sensitivity increases for a few weeks 
after therapy, after which it decreases. 


Machine (Sonic and Ultrasonic) Vs Hand 





Instruments for Scaling and Root Planning 


¢ Evidence fails to suggest any difference is their efficacy. 
¢ Sonic and ultrasonic instrumentation may be faster. 


Fig. 42.7: Machine (Sonic and Ultrasonic) Vs Hand 
Instruments for Scaling and Root Planning 


Effects of Scaling and Root Planing: 
Scaling and root planing is able to improve significantly 


clinical attachment levels between 0.55 and |.29 mm and to 
reduce probing pocket depths between |.29 and 2.16 mm. 
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It also leads to a reduction in bleeding on probing. These 
results are mostly dependent on the extent and severity of 
disease and the limitations of the non-surgical therapy. 


It has also been noticed that the results are not dependent 
on the mode of debridement, as both power driven and 
hand instrumentation demonstrated similar outcomes. 


A comprehensive meta-analysis of nonsurgical treatment 
studies reported that for patients with chronic periodontitis, 
following scaling and root planing at sites with probing 


Table 42.1: Outcome of Scaling And Root Planing 





Outcome of Scaling And 


|—3 mm 
Root Planing Based on Initial 
Probing Depths PD was 4-6 mm 
7 mm+ 


Greenstein in his review of nonsurgical periodontal therapy 
pointed that mechanical therapy is effective for the majority 
of patients with mild-to-moderate chronic periodontitis. 


Suvan in their narrative appraisal of several systematic 
reviews that studied the effectiveness of mechanical 
nonsurgical pocket therapy concluded that the highest level 
of evidence for evaluating a therapy, provides conclusive 
support for the beneficial effect and efficacy of mechanical 
nonsurgical pocket therapy in the treatment of periodontal 
diseases. 


Nibali et al reviewed a total of 293 studies, to check 
the effect and timing of non-surgical treatment prior to 
periodontal regeneration. They found that none of them 
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Little change in PD 


Decrease in PD of 0.7—1.25 mm 


greatest with a reduction in PD 
of |.2—-2.9 mm on average 
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depths of 4-6 mm, clinicians should expect a mean 
reduction in probing depth of about | mm and an average 
gain in clinical attachment level of approximately 0.5 mm. 
(Hung & Douglass) 


The following is the summary of the outcomes of scaling 
and root planing based on initial probing depths by Cobb. 


lt suggests that scaling and root planing of shallow sulci of 
|-3 mm can lead to slight loss of attachment. Hence in such 
sites, it causes more damage than good. 


aa: Changes in Pocket depth Attachment level(AL) 


A slight loss of attachment of 
0.3—0.9 mm 


A gain in AL of 0.25—0.8 mm 


A gain in AL of 0.5—1.6 mm 


reported the clinical and radiographic data before and 
after the non-surgical periodontal therapy (NSPT). It 
recommended change in regenerative surgical protocols 
with reassessment of intrabony defects excluding furcation 
defects at least six months after NSPT before considering 
periodontal surgical regenerative procedures. 


Thus, clinical improvements that can be seen right within 
the first few weeks after scaling and root planning include 
resolution of inflammation leading to reduction in gingival 
edema, reduction in bleeding on probing and improvement 
of gingival color and texture. A reduction in pocket depth 
can also be noticed due to the formation of long junctional 
epithelium and increased gingival recession. 
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TABLE 42.2: Gist of a Few Recent Reviews 
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It remains debatable whether antimicrobial photodynamic therapy as an adjunct to scaling 


Akram et al., 2017 


and root planing(SRP) is more effective as compared to antibiotics as adjunct to scaling and 


root planing in the treatment of periodontitis, given that the available scientific evidence is 


weak. 
John et al., 2017 
da Costa et al., 2017 


Adjuncts improve CAL gain by about a third of a mm over 6-|2 months compared to SRP 
alone, but no significant differences were found among the adjuncts. 


Adjunctive use of Chlorhexidine mouthrinse with mechanical SRP for chronic periodontitis 


resulted in slightly greater pocket depth reduction than did scaling and root planing alone. 


Kellesarian et al., 2017 


The role of laser-assisted SRP on the expression of pro-inflammatory cytokines in the 


GCF of patients with Chronic periodontitis remains unclear. 


Abdul jabbar et al., 
201 7a 
remains debatable. 
Abduljabbar et al., 
2017b 


If antimicrobial photodynamic therapy as an adjunct to SRP improves periodontal clinical 
and glycemic outcomes in chronic periodontitis patients with type 2 diabetes mellitus 


It remains debatable whether laser therapy or antimicrobial photodynamic therapy as 
adjunct to SRP is more effective as compared to SRP alone in the improvement of clinical 


periodontal and glycemic control in patients with both chronic periodontitis and type 2 


diabetes mellitus. 
Renatus et al., 2016 


The use of Azithromycin as an adjuvant to SRP for generalized chronic periodontitis 


improves clinical and microbiological findings compared to SRP therapy alone. 


Martin-Cabezas et al, 

2016 
Smiley et al, 2015 2 
in CAL with SRP. 


The adjunctive use of L. reuteri to SRP in Chronic periodontitis treatment at short-term 
can be beneficial especially in deep pockets. 


A moderate level of certainty-approximately a 0.5-millimeter average improvement 


¢ Combinations of SRP with assorted adjuncts resulted in a range of average CAL 
improvements between 0.2 and 0.6 mm over SRP alone. 

¢ The following 4 adjunctive therapies as beneficial with a moderate level of certainty: 
systemic subantimicrobial-dose doxycycline, systemic antimicrobials, chlorhexidine 
chips, and photodynamic therapy with a diode laser. 


The consensus report of the European Federation of 
Periodontology concluded that Professional tooth cleaning 
needs to be incorporated in a thorough structured 
prophylaxis programme including oral hygiene instruction, 
motivation, dietary advice and fluoride application in order 
to be effective in managing gingivitis and dental caries. 
(Jepsen et al. 201 7) 


The mechanical debridement employing scaling and root 
planing down to the root of the affected teeth, remains 
the “gold standard” initial treatment for periodontitis. 
However, the optimal frequency of regular preventative 
scaling or therapeutic SRP and the usual length of time to 
perform each procedure, is unclear. 
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Review Questions: 


Short note: 


Full mouth disinfection. 


Essay Question 


2. 


Define scaling and root planing. What are the 
advantages and limitations of scaling and root 
planing? 


Principal sources and further reading: 
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Chapter Outline: 


¢ Antibiotics in periodontal therapy. LOCAL DRUG DELIVERY 


# Penicillins # Rationale 
= Cephalosporins » Advantages 
» Erythromycin » Disadvantages 
# Azithromycin. # Indications 
= Tetracyclines. = Contra indications 
# Minocycline : # Delivery devices 
= Doxycycline. " Role of topical antibiotics in periodontal 
= Clindamycin therapy 
" Ciprofloxacin = Conclusions for Local drug delivery. 
# Nitroimidazoles ¢ Host Modulation Drugs. 
= Metronidazole. # Systemically administered agents. 
# Indications for antibiotics in periodontal = Bisphosphonates. 
therapy = Statins. 
# Guidelines for antibiotic selection = Locally administered agents. 
= Principles of Antibiotic dosing. = Enamel matrix proteins, growth factors, and 
=" Role of antibiotics as adjuncts to periodontal bone morphogenetic proteins. 
therapy = Topical antiseptics. 
= Development of bacterial resistance to ¢ Review Questions. 
antibiotics ¢ Principal references and suggested further reading. 


=" Conclusions for systemic antibiotic therapy. 


Periodontitis is a complex multifactorial disease. Chemotherapeutic agents that are being used currently 
It involves the loss of attachment around teeth resulting jin treatment of periodontitis are of two types. 


from actions of periodontopathic microorganisms and 
the response of the host to these organisms. As plaque 
is the chief etiological factor, control of biofilm 
accumulation is the key to prevent periodontal disease. |" Agents that reduce the level of inflammation.-Anti- 
Adjunctive use of antibiotics has been suggested. inflammatory agents or protease inhibitors. 


» Agents that reduce the microbial burden- 
Antimicrobials. 
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Total bacterial load 


Binding of the drug to tissues 


CLINICIAN'S 
CHOICE OF 
THE 


Bio-inactivation of the drug by non-target 
organisms 


Biofilm presence affording the pathogen 
protection 


ANTIBIOTICS 
IS BASED ON 


Drug-resistant pathogens 


Impaired host resistance 


<> 





Re-colonization from supra-gingival sites 
after termination of antimicrobial therapy. 


Fig 44-1: Antibiotic selection for treating periodontal disease 


Antibiotics in periodontal therapy: 


Antibiotics are defined as naturally occurring or The commonly used antibiotics include the following: 


synthetic organic substances that in low concentrations = Lower cost group: 
inhibit or kill selective microorganisms. e Penicillin 
Rationale of antibiotics in periodontal therapy: © Macrolides 


Administration of antimicrobials could be a quick and 


. . e Metronidazole 
inexpensive mode for augmenting mechanical plaque 


control. Patients with periodontal disease could be ¢ Tetracyclines — Doxycycline/ Minocycline 
given systemic antibiotics, topical antibiotics and topical =" Higher cost group: 

antiseptics. e Clindamycin 

Therapeutic success or failure of antimicrobials e Ciprofloxacin 

depends on e Beta-lactams - Amoxéicillin-clavulanic acid 


# Intrinsic antimicrobial activity of antibiotics. e Clarithromycin 


= Clinical status of the patient. © Azithromycin 


=» Presence of foreign material like sub-gingival 


= Topical antibiotics: 
calculus. 


e Controlled release devices — Tetracycline, 
doxycycline, minocycline, metronidazole, 
ofloxacin. 


# Location of infection like deep periodontal 
pockets and furcation areas. 


Systemic antibiotics enter the periodontal 


tissues and periodontal pocket via serum and can have Antibiotic Usage: 

antimicrobial effect. It can also suppress periodontal e Most widely abused prescribed 

pathogens residing on tongues or other oral surfaces. It Cream EOC 

can delay subgingival re-colonization of pathogens. = Inappropriate indications. 
Drug combination therapies act against a = Inappropriate dosages. 

mixture of pathogenic bacteria. Gingival Fluid = Duration of use. _ 

concentration provides information about peak levels CC CRCCu aicunitcolrN acute Man actsratcieck clam Bioaritcay) 

achieved by systemic delivery at the periodontal 





ro Tab 44-1: Antibiotic usage 
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Penicillins: 


Penicillins are the drug of choice for the treatment of 
many serious infections in humans and are most widely 
used antibiotics. 

# It is one of the least toxic of all the antibiotics. 
Mechanism of action: 


= Inhibit Bacterial Cell Wall Synthesis. 


# ¢ Penicillins have a marked effect on prokaryotic 
cells with a limited effect on eukaryotic cells. 


Clinical use: 


# Penicillin is indicated for minor infections.eg: dental 
abscess. 


® Amoxicillin and Amoxicillin-Clavulanate Potassium 
(Augmentin) effective in periodontal therapy. 


Side effects: 
" Allergic reactions; 
e Allergic reactions to penicillins are common. 


e lt has been shown that 15% of adults have 
allergic potential to penicillins. 


e §=Penicillin induced anaplylaxis is most 
common cause of anapylactic death in US. 
However allergic fatalities are far less 
common than allergic reactions to penicillins. 


e Most allergic manifestations are 
maculopapular or urticarial skin reactions. 


= Multiple resistant bacterial strains. 


* Amoxicillin is a semi-synthetic penicillin with an 
extended anti-infective spectrum that includes gram 
positive and gram negative bacteria. It demonstrates 
excellent absorption after oral administration. 
Amoxicillin is susceptible to penicillinase, a p- 
lactamase produced by certain bacteria, rendering it 
ineffective. 


¢ Amoxicillin-Clavulanate Potassium; The 
combination of amoxicillin with clavulanate 
potassium makes this anti-infective agent, resistant 
to penicillinase enzymes produced by some bacteria. 


# It is useful in the management of patients with 
localized aggressive and refractory 
periodontitis. 


# ¢Penicillins are generally safe during pregnancy. 


Drugs Used in Periodontics > 
Tab 44-2: Synthetic antibiotics 


=» Only three are synthetic. 
e sulfonamides. 
e Fluoroquinolones. 
e Oxazolidinones. 








Cephalosporins: 


They are grouped into generations, based on 
their spectrum of activity. Later generations have 
higher effectiveness against gram-negative bacteria. 
But their disadvantage is the poor activity against 
anaerobic bacteria. They are less expensive than 
augmentin® and show lesser bacterial resistence. 
They are most effective for sinusitis, cellulitis and 
other soft tissue infections. They are generally safe 
to be used in pregnancy except ceftriaxone which 
should be used with caution. (Bookstaver et al 
2015) 


=» Newer generation drugs like Cephamycins like 
cefoxitine, cefmetazole and cefotetan are 
active against anaerobes. 


Macrolides: 


Macrolide antibiotics contain a lactone ring to which 


one or more deoxy sugars are attached. 


Mechanism of action: They inhibit protein 
synthesis by binding to the 50S ribosomal subunits 
of sensitive microorganisms. It is bacteriostatic or 
bactericidal, depending on the concentration of the 
drug and the nature of the microorganism. 


Drug interaction: 
» Increases serum concentrations: 


e Theophylline, warfarin, cyclosporine, 
methylprednisolone, digoxin. 


=» Decreases activity: 
e Plavix. 
Erythromycin: 
» Lower doses bacteriostatic. 
= Higher doses bactericidal. 


» Limited activity against periodontal pathogens 
and hence is of limited use in periodontal 
treatment. 


= In pregnancy, avoid estolate form. 
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Azithromycin: 


It is a member of the azalide class of 


macrolides. It has broad spectrum of activity against 
anaerobes and gram-negative bacilli. 


It exhibits bacteriostatic activity by blocking 
synthesis of bacterial proteins. 

Tissue concentrations of azithromycin may 

reach 100 to 1000 times that of blood and 
persist long after blood levels have declined 
because of their significant post-antibiotic 
effects. 
The tissue concentration of azithromycin may 
exceed the microorganism’s MIC for 2 to I0 
days and the elimination '/ life in abscesses is 4 
days. 
It shows high concentration in periodontal 
tissues, GCF and in saliva. 
After an oral dosage of 500mg qd for three 
days, significant levels of azithromycin can 
be detected in most periodontal tissues for 
7 to 10 days. 

Therapeutic use requires a single dose of 
250mg/day for 5 days after an initial loading 
dose of 500mg. 

It is generally safe to be used in pregnancy. 
( Bookstaver et al 2015). 

It can be used for treatment of advanced, 
chronic or aggressive periodontitis. 

It may prolong cardiac repolarization and QT 
interval. 
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Tetracyclines: 

Tetracyclines are a group of antibiotics 
produced’ naturally from _ certain species’ of 
streptomyces or derived semi-synthetically. These 
broad spectrum antibiotics are bacteriostatic and are 
effective against rapidly multiplying bacteria. They bind 
to the developing teeth and bones. 


» Most commonly prescribed antimicrobial in 
periodontics, as it is active against periodontal 
pathogens. 


‘Mechanism of action; inhibit protein synthesis by 
binding to bacterial ribosomal units 


a Includes and 


minocycline 


tetracycline, doxycycline 

= More effective against gram positive bacteria, 
good activity against spirochetes, anaerobic and 
facultative bacteria. They are active against 
A.actinomycetamcomitans 

" High concentrations in crevicular fluid. It shows 
up in the gingival crevice with a concentration of 
2 to |0 times than that in serum. 

» They have been demonstrated to be very 
effective against periodontal pathogens at low 
GCF concentrations of 2-4ug/ml. 

# Oral dose for tetracycline is | g/day — 250mg QID 
for 2 weeks. 

= Tetracyclines should be avoided during 
pregnancy. (Bookstaver et al 2015) 


Tab 44-3: INAPPROPRIATE ANTIBIOTIC USE IN DENTISTRY 


. Initiated after surgery to prevent an infection unlikely to occur. 


. Failure to use antibiotics according to the principles established. 


. Used as analgesics in endodontics. 


. Overuse in situations in which patients are not at risk for metastatic 


Ti Ratko Ey 


. Treatment of chronic periodontitis that is almost totally amenable to 


mechanical therapy. 


. Administration of antibiotics instead of mechanical therapy for periodontitis. 


. Long term administration in the management of periodontal disease. 


. Antibiotics therapy instead of incision and drainage. 


. Administration to avoid claims of negligence. 


0. Administration in improper situations, dosage and duration of therapy. 
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Uses: 


» They have been frequently used in treating 


refractory periodontitis, including localized 


ageressive periodontitis. 


=» They exert an anti-collagenase effect that can 
inhibit tissue destruction and may aid in bone 
regeneration. 


= It can also be used as an subgingival irrigant for its 
antimicrobial effect. 


Minocycline: 
= Broad spectrum antibiotic. 
= Used in treatment of adult periodontitis. 
» Side effects include reversible vertigo. 


# It should be avoided during pregnancy. (Bookstaver 
et al 2015) 


= Minocycline administered 200mg/day for |-week 
results in a reduction in total bacterial counts, 
complete elimination of spirochetes for up to 2 
and clinical 


months, improvement in all 


parameters. 
Doxycycline: 


Doxycycline has the same spectrum of action 
and is equally effective to minocycline. Doxycycline 
hyclate is an inhibitor of matrix metalloproteinases and can 
be used as an adjunct to mechanical therapy for 
periodontitis. 


» Its used should be avoided during pregnancy. 
(Bookstaver et al 2015) 


Mechanism of action: inhibit protein synthesis by 
preventing aminoacyl transfer RNA from entering the 
acceptor sites on ribosomes. 


Adverse events: Gastrointestinal tract. 
Drug interactions: anti-epileptics. 
Dosage: 


The recommended dosage, when used as an anti- 
infective agent, is 100mg BID the first day, then 100mg 
OD for 14 days. 


Periodontics & Oral Implantology 


Drugs Used in Periodontics )) 


Clindamycin: 
Clindamycin is derivative of lincomycin. It is a 
pyranoside antibiotic with broad spectrum of activity. 


Its mode of action is the blocking of protein 
production by binding to the 50s bacterial ribosome 
subunit, inhibiting RNA translation into protein. 


=» Effective against gram-positive and most 
anaerobic bacteria. 


# It is well absorbed orally-food does not reduce 
absorption significantly. 


# Little impact on A.actinomycetamcomitans. 


» Use of clindamycin in the treatment of 
periodontal disease has been limited because of 
potentially severe side effects, such as abdominal 
discomfort, diarrhoea, and pseudomembranous 
colitis due to overgrowth of Clostridium difficile. 


» Studies have shown that clindamycin is effective 
in controlling the rate of attachment loss in 
refractory periodontitis patients 


» It is effective in situations in which in which the 
patient is allergic to penicillin. 


= Dosage: 300mg bid for 8 days. 


= It is appears to be safe and effective during 
pregnancy. However, evidence is lacking for 
using oral clindamycin late (up to 32 wks’ 
gestation) in pregnancy. (Bookstaver et al 2015). 


Ciprofloxacin: 


A broad-spectrum antimicrobial that inhibits bacterial 
DNA synthesis through its binding to DNA gyrase, an 


enzyme _ responsible for the unwinding and 
supercoiling of DNA. 
» Effective against gram-negative — bacteria, 


staphylococci, and Pseudomonas aeruginosa. 


» It has a minimal effect on streptococcal 
microbes and has activity against anaerobes. 


=» Ciprofloxacin therapy may facilitate the 
repopulation of the pocket with more beneficial 
microflora by virtue of its selectivity. 


» Side effects; nausea, headache, metallic taste 
and abdominal discomfort. 


By 


€ Non-Surgical Methodology 
=» Drug interactions; 
e Quinolones 


e Inhibit the metabolism of theophylline 
and caffeineaand may lead to their 
toxicity. 


e Enhance the effect of warfarin and other 
anticoagulants. 


= At present, ciprofloxacin is the only antibiotic in 
periodontal therapy to which all strains of 
A.Actinomycetemcomitans are susceptible. 


# A combination with metronidazole could be 
used for patients allergic to amoxicillin. 


Nitroimidazoles: 


It includes metronidazole, ornidazole and 
tinidazole with excellent activity against anaerobes, 
gram-negative bacilli and spirochetes. 


Metronidazole: 


Metronidazole is a _ nitroimidazole compound 
developed in France to treat protozoal infections. It is 
bactericidal to anaerobic organisms _ including 
anaerobic cocci, gram-negative and gram-positive 
bacilli. A general rule for considering metronidazole 
efficacy is that the more anaerobic the organisms are, 
the more effective this antibiotic will be. 


Mechanism of action: Bactericidal to anaerobic 
organisms and is believed to disrupt bacterial DNA 
synthesis. 


Clinical use: Gingivitis, Acute necrotizing ulcerative 
gingivitis, chronic periodontitis and aggressive 
periodontitis. It is of some benefit when used in 
patients with advanced and refractory periodontitis 
involving P.gingivalis/P.intermedia. 


Dosage; 


" A single dose of metronidazole 250mg orally 
appears in both serum and GCF in sufficient 
quantities to inhibit a wide range of suspected 
periodontal pathogens. 


» The most common regimen is 250mg three 
times daily (TID) for 7 days. 


= A combination of metronidazole with amoxicillin 
375mg TID for 8 days / ciprofloxacin 500mg BID 
for 8 days. 
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Side effects; 
= May give a metallic taste. 


= Consult physician before prescribing when the 
patient is pregnant. 


Drug interactions: 


=» It has an antabuse effect when alcohol is 
ingested. The response is generally proportional 
to the amount ingested and can result in severe 
cramps, nausea, and _ vomiting.-disulfiram-like 
reaction. 


= Products containing alcohol should be avoided 
during therapy and for at least 3 day after 
therapy is discontinued. 


#» It also inhibits warfarin metabolism. Patients 
undergoing anticoagulant therapy should avoid 
metronidazole because it prolongs prothrombin 
time. 


# It should be avoided in patients who are taking 
lithium. 


Indications for antibiotics in periodontal 
therapy: 


According to American Academy of Periodontology, 
patients who are likely to benefit from antibiotics 
include: 


» Patients in whom conventional mechanical 
treatment has been _ ineffective — like in 
refractory periodontitis. 


=» Acute periodontal infections like Necrotizing 
periodontal disease (NUG/NUP), 


= Periodontal abscess spreading into adjacent 
tissue, with fever and/or severe 
lymphadenopathia 


= Those with aggressive periodontitis. 


=" Generalized severe chronic periodontitis (>50% 
bone loss, >14 teeth) 


=» Moderate to severe periodontitis with systemic 
diseases or immune deficiencies or medically 
compromised patients (Neutrophil dysfunction, 
Diabetes mellitus, HIV infection with CD4 <200/ 
mm3). 
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TT: Regimen | Dosage / duration 
7 Single agent: ! ! 

, Amoxicillin | 500mg ' Three times daily for 8 days. 
, Azithromycin i 500mg ' Once daily for 4-7days. 

; Ciprofloxacin ; 500mg ; Twice daily for 8days. 
Clindamycin. ; 300mg ; Three times daily 10days. 

/ Doxycycline or minocycline. —_; 100-200mg_; Once daily for 21 days. 

, Metronidazole. ' 500mg Three times daily for 8 days. 
, Combination therapy: : : 

; Metrinidazole+amoxicillin. ‘250mg of _ ; Three times daily for 8 days. 
d Metronidazole+ciprofloxacin. | each. ' Twice daily for 8 days. 

; 500mg of | 

, teach. | 
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Tab 44-5: Common antibiotic regimens ‘used to treat periodontal 


diseases 


Other situations include: 


Severe cases of ANUG, NUP with signs of 
systemic involvement — Metronidazole can be 
administered. 


Spread of periodontal abscess into facial spaces — 
Broad spectrum antibiotics. 


Multiple abscess formation with gross periodontal 
infection as in diabetes — Metronidazole and 
tetracycline. 


Clinically persistent or advancing periodontal 
disease, even with therapy 


Aggressive periodontitis in children — treated 
with tetracycline, metronidazole in combination 
with amoxicillin and clavulanic acid. 


Pericoronitis, to prevent spread of infection 
Periimplantitis 
Post-operative administration for rapid healing 


and reduce patient discomfort in cases with 
complicated surgeries. 


S 
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Prophylactic antibiotics for patients with a 
risk of local/general undergoing a_ periodontal 
procedure like graft/transplant patients, after 
radiation therapy, immune-compromised patients, 
systemic diseases like diabetes and arthritis. It 
should also be given for patients with risk for focal 
infection like endocarditis or — prosthetic 
replacements. 


Prophylaxis is usually recommended for all 
types of periodontal surgery, implant placement, 
scaling and root planing, probing of periodontal 
pockets, recall maintenance, subgingival insertion 
of local drug delivery device into periodontal 
pocket and any prophylactic cleaning of teeth or 
implants that might induce bleeding 


Commonly used oral drugs _ include 
Amoxicillin or Cephalexin or Clindamycin or 
Azithromycin, one hour prior to the dental 
procedure. It can be supplemented’ with 
preoperative mouth rinse of Chlorhexidine 
gluconate 0.2% (lOml for | minute). 


Amoxicillin or Clindamycin could also be 
used as intravenous regimen, just before the 
procedure or at induction of general anaesthesia. 


The following recommendations are based 
on guidelines by American Heart Association and 
American academy of Orthopaedic surgeons. (Tab 
44-5). 


Tab 44-5: Antibiotic prophylaxis recommendations (No follow-up dose recommended) 








Situation 

Standard general Amoxicillin, 

prophylaxis - Cephalexin 

Unable to take oral Ampicillin 

medication | 

-Cefazolin 

Allergic to penicillin _ Clindamycin 

Allergic to penicillin and Clindamycin 


unable to take oral 
medications 
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Regimen — 30-60 minutes before 





Meet ige 
2.0g oral 


2.0g intramuscular or intravenous 
1.0g intramuscular or intravenous 


600mg oral 
600mg intravenous 
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Guidelines for antibiotic selection: 


Age of patient 

Renal and hepatic function 

Local factors like infection. 

Drug allergy 

Impaired host defense 

Pregnancy 

Drug factors 
e Narrow/Broad spectrum. 
e Bactericidal/Bacteriostatic action. 
e Sensitivity of the organism. 
e Relative toxicity. 
e Pharmacokinetic profile. 
e Route of administration. 
e Evidence of clinical efficacy. 


e Cost of the drug. 


Principles of Antibiotic dosing: 


Osc. 


Use high doses for a short duration. 


Use oral antibiotic loading dose — as it takes 

around 6-I2 hours to achieve maximum 
therapeutic blood and tissue levels via oral 
administration. 


Achieve 2-8 times the MIC in the blood. 


Use frequent dosing to maintain the relatively 
constant blood levels. 


Duration of therapy determined by remission of 
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Role of antibiotics as adjuncts to periodontal 
therapy: 


Antibiotics can be used as an adjunct to non- 
surgical periodontal therapy. It may improve the clinical 
outcome in patients and in smokers. 


When administered to properly selected patients 
with aggressive periodontal disease, systemic antibiotics 
can give a striking clinical response. However, its role in 
treatment of chronic periodontitis is not clear. Routine 
use of systemic antibiotics following periodontal surgery 
is not justified, as the prevalence of post-operative 
infections is less than |%. 


These drugs can supplement scaling and root 
planing. Anti-microbial mouth rinse could be used as an 
adjunct method to control peri-implant — biofilm 
formation. Antibiotics reduced post-treatment systemic 
C-reactive protein levels. Some reports suggest that 
antibiotic prophylaxis does not prevent post-operative 
infections or affect the outcomes of periodontal surgery. 


Systemic administration is more cost effective 
than local drug delivery at periodontal defects. Some 
reports suggest that pre-operative antibiotics decrease 
the risk of implant failure by 2-3 times. 


However, it should not be used indiscriminately 
in all patients with periodontal disease. Inappropriate 
usage can lead to alteration of normal flora and 
development of drug resistance. Hence, microbial 
analysis and antimicrobial susceptibility testing should 
form the basis for antibiotic therapy. Systemic antibiotics 
can also have adverse effects and should be 
administered only after proper patient evaluation. 
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Development of bacterial resistance to 
antibiotics: 


There is emergence of antimicrobial resistance 
among commensals and pathogenic oral bacteria to 
commonly used antibiotics. Constant discovery and 
development of new antimicrobials is mandatory to 
counteract the resistant bacteria. Resistance is not 
induced by the antibiotic itself but rather by its use, 
which exerts selective pressure on some _ bacterial 
species, giving an advantage for resistant organisms to 
compete over susceptible ones. Majority of medical 
professionals believe in the dictum “to err on the side of 
safety” and routinely administer antibiotics to prevent 
post-surgical infections. 


There is a wide variation in defined daily doses of 
antibiotics among European countries. Its usage in 
Mediterranean countries is higher than central and 
northern Europe. The non-compliance is also higher in 
Mediterranean countries. This leads to higher antibiotic 
resistance among the patients. 


The increase in resistance corresponds to 
increase in minimum inhibitory concentration for a 
bacterial strain. It is considered to be resistant when it is 
no longer affected by a normally effective concentration 
of the antibiotic. It was linked to improper use of 
antibiotics — too long or too weak dosage or without an 
indication. 


Numerous studies have reported the existence of 
antibiotic resistant and multiresistant oral bacteria in 
periodontal disease and peri-implantitis patients. 


Penicillins and 


Cephalosporins 





e Beta-lactamase 
production that 
destroy beta-lactam 
ring of antibiotics 


pumps 


e Immediate excretion 
by intra-membranal 


e Target modification 
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Bacteria within a biofilm are 1000 times more 
resistant than those in planktonic/ unattached forms. 
The biofilm matrix limits the diffusion and assimilation 
of antibiotics. There is low bacterial metabolic activity 
within the biofilm. The entrapped extracellular 
bacterial enzymes deactivate the antibiotics. 


The reasons for antibiotic failure include slow growth 
of microbes, patient non-compliance, antibiotic 
antagonists, and inability to penetrate infection sites, 
unfavourable local factors and failure to eradicate the 
source. 


= Production of beta-lactamases is observed 
frequently among gram-negative bacteria like 
Prevotella, Porphyromonas, Fusobacterium, 
Veillonella and Capnocytophaga. 


= Resistance to tetracycline is encoded by tet 
genes, of which 27 types have been reported till 
date by oral bacteria like P.gingivalis and 
F.nucleatum. 


» Resistance to erythromycin is by erm resistance 
genes, of which 21 genes have been reported. 


» Resistance to metronidazole is by nim genes (A- 
D). 


» Genetic exchange between S.gordonii and 
T.denticola for antibiotic resistance, is possible in 
a biofilm. 


# eMethicillin-resistant strains of S.qureus, could be 
a source of nosocomial infections. 


Metronidazole 





e Modification of 
bacterial 
nitroreductases 


e Reduction in uptake 


e Reduction in e Enzymatic 
autolysis modification of 

e Modification of the antibiotics 
target 


Fig. 44-2: Bacterial resistance to antibiotics. 
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CONCLUSION: 


# Systemic antibiotics should not be prescribed 
as a monotherapy for treatment of 
periodontitis. 


=» It should always be used with adequate 
mechanical debridement to disrupt the 
subgingival biofilm. 

= There is no consensus for an ideal antibiotic, 
dosage, duration and timing. 


# Patients should be informed to the possible 
side effects and drug interactions due to usage 
of systemic antibiotics. 


» Systemic antibiotics facilitates treatment of 
bacterial reservoirs of re-infection like tonsils, 
saliva and tissue invasive bacteria. 


» Systemic therapy is an effective mode for 
treating A.actinomycetamcomitans infection than 
local drug delivery. 


LOCAL DRUG DELIVERY: 

Local or controlled delivery systems 
represent a variety of products that combine agents 
with vectors or devices that can be placed directly 
into the periodontal pocket. 


“Controlled” implies that the carrier material 
releases the active ingredient over time at a constant 
concentration. 


The concept is that concentrated amounts of 
active medications can be delivered to the exact 
site of disease process with minimal systemic 
uptake of the medication. 


Dr. Max Goodson in 1979 of Forsyth 
Dental Research Centre developed the concept 
of controlled release local drug delivery. It has 
been established as a successful mode for delivering 
gentamicin, tobramycin, minocycline, tetracycline, 
teicoplanin and sulbactam-cefoperazone. 


There are two possible modes to improve 
drug action, 


» Sustained and controlled drug release to 
eliminate side effects and improving the 
therapeutic index. 


=» Site-specific drug delivery to minimize systemic 


(0) effects. 
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Rationale: 


Sufficient dosage could not be achieved by 
systemic antibiotics. 


Some antibiotics have high cumulative cell and 
organ toxicity. 

Insufficient local blood supply in post-operative 
tissues and inadequate tissue penetration. 


Bacterial resistance. 


It should maintain highest possible, non-toxic, local 
drug concentration without achieving systemic 
effects. 


Agents used in mouth rinses and as irrigants 
cannot predictably reach beyond 5mm into the 
periodontal pocket. 


Inadequate anatomical access leads to improper 
drug penetration. 


Impaired drug diffusion and inactivation by the 
biofilm. 


Rapid turnover of GCF reduces the concentration 
of locally placed antimicrobial agent. It is shown 
that fluid in a 5mm pocket is replaced about 40 
times in an hour. This high rate of clearance could 
be a major obstacle to maintain effective drug 
concentration within the pocket. 


Advantages: 


Compared with systemic drugs, the side effects 
and drug interactions are mostly non-existent with 
locally delivered sustained released antimicrobial 
agents. 


Decrease the probing depth and bleeding on 
probing. 
Changes the flora of the pocket. 
Low allergisation quota. 
Stability at body temperature. 
Tissue compatibility. 
Bactericidal activity. 
Low rate of bacterial resistance. 
Broad spectrum of activity. 
Low resorption rate. 
No interference with wound healing. 


Chemical stability in presence of biological 
material like pus or fibrin. 


Maintenance of drug levels in a therapeutically 
desirable range. 


Protection from degradation of drugs with short 
invivo half-lives. 


Improved patient compliance. 
Reduced patient discomfort. 
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Indications: 


Adjuncts to conventional mechanical therapy. 


= Localized diseased sites — isolated periodontal 


pockets (Smm) after scaling and root planing. 


Recurrent pockets in the periodontal maintenance 
patient. 


The ailing or failing implant. 
Periodontal abscesses. 


Medically compromised patients in whom surgery is 
not possible. 


Refractory periodontitis. 
Adjunct to regenerative procedures. 
To regulate microbial-induced inflammation. 


Endodontic failures or persistent infections after 


endodontic therapy. 
= Hypersensitivity to conventional endodontic 


irrigants. 


Contra indications: 


As therapy for aggressive periodontitis. 
Cannot replace mechanical therapy. 
Multiple non-responsive sites. 

Allergic to any component of the system. 
Pregnant or lactating mother. 


Delivery of antimicrobials using ultrasonic devices is 
contraindicated in asthmatics, infections like AIDS, 
TB and those with cardiac pacemakers. 


Delivery devices: 


be 


These intra-periodontal drug delivery devices can 
used with chlorhexidine, metronidazole and 


tetracycline for treatment of periodontal disease. 


Drug delivery devices can be classified based on the 
mechanism controlling drug release as 


Solvent controlled matrix systems — matrix 
permeability to small molecules after it swells into a 
hydrated medium 

Reservoir systems — drug diffusion across a 
polymeric membrane 

Chemically controlled systems — rate of drug 
release depends on rate of chemical bond 
degradation and erosion of polymeric matrix. 
Desorption of surface bound or adsorbed drugs. 
Combined erosion/diffusion. 
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They are classified as follows: 


Based on their origin: 
# Natural origin like proteins/collagen 
# Semi-synthetic like cellulose derivatives 


# Synthetic polymers 


Based on their biodegradability: 
= Biodegradable polymers like collagen 


= Non-degradable polymers — requires removal of 
the delivery device. 


Based on the duration of action (Greenstein & 
Tonetti — 2000): 


= Sustained released device — action is less than 24 
hours. It is based on first-order kinetics. It requires 
multiple applications. 


" Controlled delivery device — acts longer than 24 
hours. It is based on zero-order kinetics. It has 
lesser number of applications. 


Based on the shape/form of the delivery device: 


= Fibres — These are thread-like, reservoir-type 
systems placed circumferentially into the pocket 
with an applicator and secured with an adhesive 
for sustained release into the periodontal pocket. 


e Hollow fibres - cellulose acetate — may 
allow rapid evacuation of the drug 


e Monolithic fibers - Polymers like Poly-e- 
caprolactone, Polyurethane, Polypropylene, 
Cellulose acetate propionate, Ethylene vinyl 
acetate could be incorporated into the 
hollow fibers, to retard rapid release of the 
drug. 


= Collagen sponge matrix infused with tetracycline 
was in use in late |980s. 


e Leads to very high local drug level without 
achieving systemic drug concentration. 


e Fully biocompatible and biodegradable. 
There is no need for secondary surgery to 
remove this drug carrier. 


wy 
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e Films — it can be placed onto the cheek mucosa or 
gingival surface or intra-pocket. It is easy to insert, 
conforms to the dimensions of the pocket and 
minimal pain/discomfort during insertion. 


# Films with Synthetic biodegradable polymers 
like Polylactide-co-glycolide (PLGA), Poly 
(ortho esters), water soluble PMA 


#" Non-biodegradable films with ethyl cellulose 
or PMA. 


» Natural biopolymer films with atelocollagen / 
cross-linked fish gelatin (Byco protein) / 
hydrolysed glycerine with metronidazole/ 
chlorhexidine. 

. Chitosan-based 
Ciprofloxacin/ 
Thymoquinone. 


infused with 
sodium/ 


films 
Diclofenac 


= Combination films. 


e Strips and compacts — acrylic strips with mixture of 
polymers, monomers and antimicrobials. It may leave 
acrylic residues on degradation within’ the 
periodontal pocket or upon strip removal. 


# Tissue adhesive implants - Surgicel, Collcote, 
Tissel are some commercially available 
systems. 


# Ornidazole dental implants. 

» Strips containing tetracycline/metronidazole 
in polyhydroxybutyric acid(PHBA). 

= Controlled release strips with ofloxacin and 
hydroxypropyl cellulose. 


e Injectable systems — easy to apply with a syringe 
into the periodontal pocket without any discomfort/ 
pain. Even the cost of therapy could be reduced, as it 
needs less time to be placed and secured. It could fill 
the pocket and reach a larger number of pathogens. 
Two types of systems use biodegradable 
microparticles and gels. 


e Gels/emulsion-based delivery — can be placed 
sublingually with a blunt cannula and syringe. 

" Mucoadhesive gel systems — Hydroxyethyl 
cellulose, Hydroxy propylmethyl cellulose, 
Carbopol 974, Polycarbophil, Poloxamer 407 

" Controlled release DOX gell lidocaine gels 

# Injectable gels — semisolid formations with 
higher biocompatibility and bioadhesivity. 

e Oleogels, hydrogels, lipid-like gels, 
gels with glycerol and sesame oil 
= Biodegradable _ natural 
chitosan. 


polymer gels — 


fy 
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Some of the commonly used drug delivery systems 
are as follows: 
Tetracycline fibers (actisite) 
Chlorhexidine chip (periochip) 
Doxycycline gel (atridox) 
Minocycline microspheres (arestin) 
Minocycline ointment (periocline) and gel. 


et ee iS 


Metronidazole gel. 


A recent systematic review suggested that 
adjunctive locally administered antimicrobials 
improved probing depth over scaling and root 
planing alone in patients with chronic periodontal 
disease. 


Tetracycline Fibers(ACTISITE™): 


It was the first local delivery system 
approved by USFDA. It was developed by Dr. Max 
Goodson in 1983. 


= Delivery system consists of a polymer, 
ethylene vinyl acetate and 25% saturated 
tetracycline hydrochloride/ 12.7 mg_ of 
tetracycline hydrochloride. A concentration of 
150 times more than that is achieved by 
systemic tetracycline. 


» 32 - 64 ug/ml is required to inhibit the growth 
of pathogens isolated from _ periodontal 
pockets. The bactericidal concentration of 
tetracycline (>|1300ug/ml) steadily up to 10 
days. 

= They are marketed as a 23-cm length (Yinches) 
of 0.5mm diameter fibre. 


# The flexible fibre is placed in an overlapping 
pattern into the periodontal pocket until it fills 
the pocket, Imm apical to the gingival margin. 
A serrated cord packing instrument is helpful 
in fibre placement. 


The gingival margin is then sealed with 
isocyanoacrylate. 


= Fewer side effects 


= Best when used in combination with scaling 
and root planing. 


Disadvantages; 
# Length of time required 2|Omin per tooth. 
= Considerable learning curve. 
# 2nd patient appointment after |0 days for fibre 
removal. 
= Oral candidiasis may occur after placement of 
fibres in 12 or more teeth. 
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Fig.44-4:Tetracycline Placed 





Fig 44-6:Reduced Pocket Depth After 2 Weeks 
Fig: Local Drug Delivery (Courtesy Dr. Neha) 


Fig.44-5: Coe-Pack Placed 


Chlorhexidine Chip (PERIOCHIP): 

It is a biodegradable system containing 
chlorhexidine. It is a gelatin wafer or chip which is placed 
subgingivally with cotton pliers. 


The drug concentration in the GCF remains 
greater than 100 ug/ml for at least 7 days. 


= The chlorhexidine chip contains 2.5mg = This progressively decreases over 9 days. The 


chlorhexidine gluconate in a biodegradable film of 
hydrolyzed gelatin matrix, cross-linked with 
glutaraldehyde. 


It is 0.35mm in thickness and 4x5mm in height/ 
width. It is a small chip, rounded at one end for 
insertion into the periodontal pocket. 


The chip is self-retentive on contact with moisture. 


The dimensions of the chip prevent placement into 
small tortuous pockets. Hence, it is not 
recommended for placement into pockets of less 
than 5mm 


Chlorhexidine is released from the chip in a peak 
concentration (2007 ug/ml) at 2 hours after 
placement. 


mean concentration being 57uUg/ml. 


The chip biodegrades in 7 to 10 days. Hence, 
a second appointment for removal is not 
needed. 


No signs of staining like chlorhexidine 
mouthrinse. 


Adverse effects were minimal, with a few 
complaints of slight pain and swelling in the 
first 24 hours after chip placement. 
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Doxycycline Gel (ATRIDOX): 


It is a 10% formulation of doxycycline (50mg) in a 
bioresorbable gel system (Poly DL-lactide and N- 
methyl-2-pyrrolidone mixture. 


# This available as a single (premixed) or two syringe 
system. It is mixed chair-side and applied 
subgingivally to the base of periodontal pocket 
using a syringe. 

# This flowable polymer gel fills and conforms to 
pocket morphology. It then solidifies in the 
periodontal pocket on contact with GCF into a 
wax-like consistency and gives a controlled release 
of the incorporated agent. 


= GCF levels of 250 pg/ml doxycycline at the end of 
7 days in the pocket were detected. 


# Precaution: The patient should be advised not to 
brush, floss, or eat in the treated area for 7 days. 


= Annual application of resorbable doxycycline gel as 
adjunct to mechanical maintenance therapy show 
no long-term clinical or microbiological benefit 
over a 3-year period. 


Minocycline Microspheres (ARESTIN): 


Minocycline microspheres consist of the antibiotic - 
Img of Minocycline hydrochloride microencapsulated 
in a bioabsorbable polymer of polyglycolide-co-dl- 
lactide. 


= 2% minocycline is present. 


» The microspheres are dispensed subgingivally 
using a disposable plastic cartridge. 


= The material is bioadhesive. 


« The patient is instructed to avoid brushing for 12 
hours, with no interproximal cleaning for 10days. 


" The minocycline microspheres maintain 
therapeutic drug concentrations for 21 days and 
also. block collagenases preventing tissue 
breakdown. It also reduced the red-complex of 
periodontal pathogens. 


= Clinical trials have proven the efficacy of 
microspheres in moderate to severely advanced 
periodontitis and peri-implantitis. 
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Minocycline Ointment (PERIOCLINE) and Gel 


lt contains 2% minocycline hydrochloride. 
#" PERIOCLINE; It is manufactured in Japan. 


= It is applied into the pocket with a syringe and 
blunt cannula. 


=" Reduction in Probing Pocket Depth In Sites 
Treated With Scaling And Root Planing. 


Metronidazole gel (Elyzol): 


Metronidazole gel contains 25% metronidazole in a 


glyceryl mono-oleate and sesame oil base and is applied 
to the pocket using a syringe with a blunt cannula. 


# It is applied in viscous consistency to the pocket, 
where it is liquidized by the body heat and then 
hardens again, and forming crystals in contact with 
water. 


# Disadvantages: multiple applications. 


Metronidazole-benzoate esterases in GCF Metronidazole 


Fig 44-7: Release of Mentronidazole from gel form. 
Role of topical antibiotics in periodontal therapy: 


Its usefulness in periodontics is controversial. 
Most studies have analysed the effects of controlled 
drug delivery on gingivitis but not on short-term or 
long-term management of periodontitis. 

Recent reviews suggest only a modest clinical 
benefit with controlled drug delivery in subgingival 
sites. The average probing depth reduction noted was 
between I|.3mm-2.3mm among various clinical studies. 
But, there is general agreement that mechanical 
debridement with antimicrobials can be more effective 
than traditional treatment alone. This could be 
attributed to higher killing and inhibition of bacterial 
growth by these agents after scaling and root planing. 
There is lack of significant adverse events due to non- 
irritant nature and smaller amounts of total drug 
usage. Some sustained release systems can add to the 
clinical benefits. 

A recent Meta-analysis reveals a large effect in 
pocket depth reduction, moderate effect on reduction 
of bleeding scores and mild effect on reduction of 
plaque scores. 
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The potential problems of local drug delivery include 
selectivity of antimicrobial action, development of 
resistant bacteria and adverse host reactions. Disease 
sites with yeast infection respond unfavourably to 
antibiotics against bacterial pathogens. They are 
expensive to administer and takes longer application 
time to be applied into general practice. 

Suggestions to include only drugs that are too 
toxic for systemic administration like Bacitracin, 
Polymyxin-B, Neomycin or drugs unlikely to induce 
resistance like Metronidazole for topical therapy. 


Local mouthrinses and 
dental irrigation 


Systemic delivery 


Non-biodegradable 
intrapocket drug 
delivery devices 


Drugs Used in Periodontics > 


ait Polymers used as a carrier 
Tetracycline = L-PLA, D,L-PLA, DL-PLG, PHBV, Chitosan, CMC, 
-Minocycline PLGA, 
Doxycycline =PLGA/PCL 





Tab 44-7: Different carriers used for drug delivery 


Biodegradable intra- 
pocket drug delivery 
eA Tes 


Biodegradable 
nanoparticles 





¢ Low benefit to risk e Inadequate drug 


¢ Discomfort during 


e Patient discomfort on e Easy placement. 


ratio. concentration at placement. placement. e Poor retention in the 
e Large drug doses can periodontal sites. e Needs two visits - for ¢ No foreign body periodontal pocket. 
be given. e Rapid drug release. placement and response. ¢ Good penetration due 


e Inadequate 
concentration in 
periodontal tissues. 


e Rapid drug release. 


e Poor patient 
compliance. 


e Bacterial resistance. 


e Low systemic toxicity. 
e Bacterial resistance. 


removal. 
e May incite a foreign 
body response. 


e Adequate drug 
concentration at 
periodontal site. 


e Low incidence of 


to nanoparticles. 


e Low incidence of 
bacterial resistance. 


¢ Poor retention in the 
periodontal pocket. 

e Low incidence of 
bacterial resistance. 


bacterial resistance. 


Fig.44-8 Different drug deliveries in periodontics 


Conclusions for Local drug delivery: 
= Only doxycycline gel is approved by FDA as a 
monotherapy for the treatment of chronic 
periodontitis. 
= Benefits include less treatment time, reduced 


operator fatigue and decreased _ root 
sensitivity. 

" Administration of other forms as 
monotherapy like metronidazole = or 
chlorhexidine varnish or gel was not 


Statistically significant as with scaling and root 
planing alone. 

= Numerous studies report _ statistically 
significant improvement in probing depth 
reduction and gains in clinical attachment but 
the difference was limited to tenths of 
millimetres. There is reported additional 
increase 0.3mm increase in attachment level 
and 0.4mm decrease in probing depth over 
scaling and root planing alone. 

# It is beneficial to employ local delivery for 
maintenance patients who were not 
responding to scaling and root planing alone. 
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HOST can be defined as “the organism from which a 
parasite obtains its nourishment” or in the transplantation 
of tissue “the individual who receives the graft’. 


MODULATION is defined as the alternation of function or 
status of something in response to stimulus or an altered 
chemical or physical environment. 


HOST MODULATORY THERAPY (HMT) is a treatment 
concept that aims to reduce tissue destruction and stabilize 
or even regenerate the periodontium by modifying or 
down regulating destructive aspects of the host response 
and up-regulating protective or regenerative responses. 


HMTs are systemically or locally delivered 
pharmaceuticals that are prescribed as part of periodontal 
therapy and are used as adjuncts to conventional periodontal 
treatments, such as scaling, root planing and surgery. 


Periodontal disease and health can be seen as a 
balance between a persisting bacterial burden and pro- 
inflammatory destructive events in the tissues and resolution 
of inflammation and down _ regulation of destructive 


Processes. 
(iy 


€ Non-Surgical Methodology 


HMT is a means of treating the host side of the 
host-bacteria interaction. Various agents have been 
used to control this host-mediated tissue 
destruction. This includes 


# Inhibition of matrix metalloproteinases with 
anti-proteinases. 


#" Blocking pro-inflammatory cytokines and 
prostaglandins with anti-inflammatory drugs. 


# Inhibiting osteoclast activity by bone-sparing 


agents. 
Systemically administered agents: 
Non-steroidal anti-inflammatory drugs 
(NSAIDs): 


NSAIDs inhibit the formation of 
prostaglandins, including prostaglandin E2 (PGE2), 
which is produced by neutrophils, macrophages, 
fibroblasts, and gingival epithelial cells in response 
to the presence of lipo-polysaccharide (LPS), a 
component o the presence of gram-negative 
bacteria. It includes systemic flurbiprofen and 
topical ketoprofen. 


The problems encountered in taking 
NSAIDs in periodontal therapy are their side effects 
that become apparent on long time use of these 
drugs. There are gastrointestinal problems and 
haemorrhage. 

Rebound effect: Periodontal benefits of taking 
long term NSAIDs are lost when patients stop 
taking the drugs, with a return to, or even an 
acceleration of, the rate of bone loss seen before 
NSAID therapy. 

Hence, no NSAIDs are presently indicated as 
adjunctive HMTs in treatment of periodontal 
disease. 


ANALGESIC. 
ANTI-INFLAMMATORY. 
ANTIPYRETIC. 


INHIBIT CYCLOOXYGENASES. 


e PROSTAGLANDINS. 
e THROMBOXANES. 








Fig 44-9: Actions of NSAIDs 
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Bisphosphonates: 


Bisphosphonates/ Diphosphonates is a class of drugs that 


inhibits osteoclast action and bone resorption. They are 
analogs of pyrophosphates. They are the most effective 
inhibitors of bone resorption. Though it was used widely 
for treating various bone diseases, its side effects limit 
their usage. 


Mechanism of action: 


» They are capable of chelating Ca2+-thus show a 
strong affinity for remodelling bone. 


» They prevent hydroxyapatite dissolution. 
= Anti resorptive activity also includes: 
e Osteoclast apoptosis(|Ist generation). 


e Inhibition of components of the cholesterol 
biosynthetic pathways(2nd & 3rd 
generation). 


Bisphosphonate generations: 
= Ist generation: 
e No nitrogen. 
e Eg: Etidronate(Didronel™) 
= 2nd generation. 
e |10to 100x more potent than Ist generation. 
e Contains nirtogen. 
e Alendronate (Fosamax™) 
e Pamidronate (Aredia™) 
e lbandronate.(Boniva™) 
# 3rd generation: 


e 10000 times more potent than Ist 
generation. 


e Nitrogen with a hetrocyclic ring. 
e Zoledronic acid(Zometa™) 


e Risedronate(Actonel™) 


There are no bisphosphonate drugs that are 
approved and indicated for treatment of periodontal 
disease. Alendronate could be used for controlling bone 
resorption but has high systemic toxicity. Local drug 
delivery could achieve clinical benefits without serious 
side effects. 
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Medication related osteonecrosis of the jaw 
(MRON)): 


It is an adverse drug reaction consisting of 
progressive bone destruction in the maxillofacial region of 
patients under current or previous treatment with 
antiresorptive and antiangiogenic medications. A special 
of Oral 
Maxillofacial Surgeons recommended changing its earlier 
of the 
jaw(BRON]) to medication related osteoradionecrosis of 


committee of American Association and 


name _ Bisphosphonate-related osteonecrosis 
the jaw(MRON]J) to accommodate the growing number of 
ON] cases associated with anti-resorptive and anti- 
angiogenic therapies. 
Components of MRONJ: 

|. Inhibition of angiogenesis/vasculargenesis. 

2. Inhibition of osteogenesis/resorption. 


3. Changes in oral flora competition/Actinomyces. 


4. Inhibition of normal oral epithelial oral epithelial 
growth and migration/suppression of endothelial 
cells/fibroblasts. 


5. Inhibition of typical immune function/inactivation of 
T-cells. 


6. Disruptive event in the oral mucosa/oral 


procedures-Dentoalveolar surgery. 


Statins: 


Statins are HMGCoA reductase enzyme inhibitors 
and help to lower cholesterol. They can be fermentation 
derived statins like simvastatin and pravastatin. It can also 
synthetic statins like atorvastatin, cerivastatin, fluvastatin, 
pitavastatin and rosuvastatin. 


They can modulate bone formation and has §anti- 
inflammatory effect, if delivered locally. They also have 
immunomodulatory effects by inhibiting cytokines and T 
cell differentiation. They activate BMP-2 in osteoblasts, 
release of RANKL and OPG from gingival fibroblasts 
leading to osteogenesis. 


Clinical studies with statins has showed greater decrease 
in gingival index and probing depth. It resulted in gain in 
clinical attachment and intrabony defect fill. 
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Sub antimicrobial-dose doxycycline: 


Sub antimicrobial-dose doxycycline (SDD), is a 20-mg 


dose of doxycycline (Periostat) that is approved and 
indicated as an adjunct in the treatment of chronic 
periodontitis. It is taken twice daily for three months, 
upto a maximum of 9 months of continuous dosing. It 
is the only systemic host modulatory agent approved 
by FDA for adjunctive use in conjunction with non- 
surgical periodontal procedures. 


A recognized feature of doxycycline is its ability to 
down regulate the activity of matrix metallo- 
proteinases, which are active in tissue breakdown 
during periodontitis. 


» It has no detectable antimicrobial effect on the 
oral flora. 


» It does not lead to resistant microbial strains. 


# It is the only HMT specifically indicated for the 
treatment of chronic periodontitis that is 
accepted by the ADA. 


However, additional studies are needed to confirm 
the development of bacterial resistance. 


Locally administered agents: 
NSAIDs: 


Topical NSAIDs have shown benefit in treatment of 
periodontitis. Ketorolac and Ketoprofen have been 
investigated. To date, topically administered NSAIDs 
have not been approved as local HMITs_ for 
management of periodontitis. 


Enamel matrix proteins, growth factors, and 
bone morphogenetic proteins; 


Local host modulatory agent approved by FDA for 
adjunctive use during surgery was Enamel matrix 
proteins (Emdogain) and resorbable synthetic bone 
matrix (GEM 21S). These molecules are dealt in detail 
along with periodontal regeneration. 


Topical antiseptics: 


An antiseptic is an agent that, applied to living tissues, 
is able to prevent or arrest the growth or action of 
microorganisms. 


They have a broad spectrum of activity than 
antibiotics. They have multiple intracellular targets 
which reduce the likelihood of developing resistance. 
But, these antiseptics can be toxic to infectious 
agents and host cells. Hence, they are routinely used 
only for infected wounds, skin and mucosa. Ai 
IZ) 
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Anti-microbial strategy: Review Questions: 
Mechanical periodontal therapy in combination with Essay Questions: 
Systemic antibiotics (if needed), 10% povidone iodine/ |. What are anti-microbials? Discuss their role in 
dilute 0.1% sodium hypochlorite for subgingival irrigation the management of periodontal diseses. 

é i 
_ 0.12-0.2% chlorhexidine mouthrinse is proven to be 2. What are the commonly used broad spectrum 
oe antibiotics in periodontics. Explain the merits 
Each agent has different mode of action — act against and demerits of their use. 
various periodontal pathogens in various ecological niches 3. Discuss the pharmacologic agents which affect 


in oral cavity. But, this therapy can lead to modification of 


. bone resorption. 
oral flora and lead to increase in potentially cariogenic 


microbes. It is advised to apply 0.05% sodium fluoride 4. Explain the role of Non-steroidal anti- 
rinse or |.1% sodium fluoride/ 0.4% stannous fluoride gel inflammatory drugs in the management of 
to minimize the risk of caries. periodontal disease. 


Short notes: 


Peri-implant biofilm control: |. Write a not on the adjunct role of antibiotics to 


iodontal th 
The biofilm that forms on dental surfaces are penne Sas ore 


different than those formed on titanium surface. The 2. Write a note on the indications and 
effective agents to reduce the bacterial viability on contraindications of local drug delivery in 
biofilms include sodium hypochlorite, 3% hydrogen treatment of periodontitis. 


peroxide, and 0.2% chlorhexidine digluconate, and Principal references and suggested further 
stannous fluoride, hexetidine with methylparaben/ reading: 


propylparaben, benzalkonium chloride, cetyl pyridinium = Abdellaoui KS, Castioni NV, Gurny R. Local delivery 
chloride and essential oils. of antimicrobial agents for the treatment of 
periodontal diseases. European Journal — of 


Pharmaceutics and Biopharmaceutics 2000; 50: 
83-99. 


Abu-Ta'a M, Quirynen M, Teughels W, van 
Steenberghe D. Asepsis during periodontal surgery 
involving oral implants and the usefulness of peri- 
Bone graft decontamination agents: operative antibiotics: a prospective, randomized, 


Chlsryesdine, Pevdoneedme. ‘Rimmvcn controlled clinical trial. J Clin Periodontol. 2008 
| ee oF ys Jan;35(1):58-63. 
Clindamycin, Liquid soap, Tetracycline, Ethanol and - | 
Bacitracin could be used to decontaminate and remove " Addy M. Chlorhexidine compared with other locally 


; delivered antimicrobials: a short review. J Clin 
f f . 
adherent bacteria from bone surfaces Periodontol 1991: 13: 957-64. 


Recent systematic reviews suggest that 
chlorhexidine digluconate and _ essential oils were 
considered the most effective in reducing plaque and 
gingivitis. These may be beneficial in control of peri- 
implant inflammation. 


ile wiESe ahaa. enornextainie 2 abet Pe = Advances in Periodontics, Part |. Dental Clinics of 
the most effective in decontamination with  time- North America Vol 42; Number 2; April 1998: 
dependant effects on osteoblasts and osteoclasts. Cell 945-26]. 
death occurred in 2 minutes when osteoblast cultures 


»" Ahmed MG, Harish NM, Charyulu RN, Prabhu P. 
were exposed to 0.12 — 0.2% chlorhexidine. : 


Formulation of chitosan-based ciprofloxacin and 


In-vitro studies report that 1% chlorhexidine exposed for diclofenac film for periodontitis therapy. Trop J 
15-30 seconds showed negative cultures and osteoblast Pharm Res February 2009; 8 (1):33-4| 
proliferation. » Albandar JM. Adjunctive antibiotics with nonsurgical 


periodontal therapy improve the clinical outcome of 
chronic periodontitis in current smokers. | Evid Base 
Dent Pract 201 1;11:137-140 
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Chapter Outline: 


¢ Introduction 

¢ Definitions and terminology 

¢ Objectives of Coronoplasty 

¢ Selective grinding 

¢ Sequence for coronoplasty 

¢ Criteria for judging the outcome of coronoplasty 
¢ Review Questions 

¢ Principal references and suggested further reading 


The mandible is usually at rest keeping the functional space 
free of dental contacts, except for about an hour each day 
when it is involved in chewing. In this postural-rest position, 
the condyles are in centric relationship with their respective 
glenoid fossae. However, if, after dental contacts in centric 
occlusion, there is a mandibular shift due to premature 
dental contacts, there will simultaneously be condylar 
dislocation in the joints; which shall be bare minimal. 


Mastication can be done with either unilateral or non-lateral 
(vertical) movements, but alternate bilateral mastication is 
the ideal. Only bilateral mastication can produce normal 
antero-posterior and maxillary-mandibular development. 


DEFINITIONS AND TERMINOLOGY: 


CENTRIC OCCLUSION. (Acquired Centric and 
HabitualOcclusion): The maximum _ intercuspation or 
contact of the teeth of the opposing arches.(Glossary of 
Periodontalterms, 2001) 


CORONOPLASTY is the mechanical elimination 
of occlusal supra-contacts that may be present during 
functional movements. (Page et al.) 


Periodontics & Oral Implantology 






Syed Wali Peeran, Karthikeyan 
Ramalingam & Soumya Nair 


CORONOPLASTY is the selective reduction of 
occlusal areas with the primary purpose of influencing the 
mechanical contact conditions and the neural pattern of 
sensory input. 


CORONOPLASTY or OCCLUSAL 
EQUILIBRATION or occlusal adjustment is reshaping 
of occluding surfaces of the teeth by grinding to create 
harmonious contact relationships between upper and 
lower teeth. (Glossary of Periodontal terms, 2001) 


ECCENTRIC OCCLUSION: Any relation of the 
mandibular to the maxillary teeth other than centric 
occlusion. (Glossary of Periodontal terms, 2001) 


EXCRUSIVE MOVEMENT: Any movement of the 
mandible away from the intercuspal position (ICP). 


INTERCUSPAL POSITION (ICP): The position of the 
mandible when there is maximal intercuspation between 
the maxillary and mandibular teeth. 


NON-PHYSIOLOGIC OCCLUSION (TRAUMATIC 
OCCLUSION): It is associated with dysfunction or 
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disease due to tissue injury and treatment may be indicated. 


OCCLUSAL ADJUSTMENT is the establishment of 
functional relationship favourable to the periodontium by 
one or more of the following procedures. The purpose is 
to establish stable functional relationships favourable to 
the patient's oral health, including the periodontium. 


OCCLUSALADJUSTMENT is the selective adjustment 
of the biting surface of the teeth by grinding the enamel 
(outer layer of the tooth) so that the upper and lower 
teeth fit together (the) harmoniously. Adjustments can 
also be made to ensure that when the lower jaw is moved 
to one side the teeth on the other do not touch (non- 
working side contacts) and that when the lower jaw moves 
forwards, the back teeth do not touch. (Koh & Robinson) 


OCCLUSAL ADJUSTMENT, defined as “reshaping 
the occluding surfaces of teeth by grinding, to create 
harmonious contact relationships between the upper and 
lower teeth’ (Glossary of Periodontal terms, 2001) 


OCCLUSAL ADJUSTMENT: |. Any change in the 
occlusion intended to alter the occluding relation. 2. 
Any alteration of the occluding surfaces of the teeth or 
restorations. (Glossary of Prosthetic Dentistry) 


OCCLUSAL RESHAPING: The intentional alteration 
of the occlusal surfaces of teeth to change their form. 
(Glossary of Prosthetic Dentistry) 


OCCLUSION: Any contact of opposing teeth.(Glossary 
of Periodontal terms, 2001) 


PHYSIOLOGIC OCCLUSION: It is when no signs of 
dysfunction or disease due to tissue injury and treatment 
may be indicated. 


PHYSIOLOGIC OCCLUSION: Occlusion in harmony 
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with the functions of the masticatory system.(Glossary of 
Periodontal terms, 2001) 


PROTRUSION: A position of the mandible anterior to 
centric occlusion (Glossary of Prosthetic Dentistry) 


PROTRUSION: Movement of the mandible anteriorly 
from the intercuspal position (ICP). 


PROTRUSIVE OCCLUSION: Occlusion of teeth 
when the mandible is protruded from centric maximum 
intercuspation. (Glossary of Periodontal Terms, 2001) 


RETRUDED CONTACT POSITION (RCP):A tooth 
to tooth position at centric relation sometimes referred to 
as centric relation occlusion. 


RETRUSION: Movement of the mandible posteriorly 
from the intercuspal position (ICP). 


RETRUSIVE OCCLUSION: A biting relationship in which 
the mandible is more distally placed than in maximum 
intercuspation. (Glossary of Periodontal Terms, 2001) 


THERAPEUTIC OCCLUSION: It is the result of 
specific interventions designed to treat dysfunction or 
disease. It as an occlusal scheme employed in restoring or 
replacing occlusal surfaces so that minimum physiologic 
and anatomic adaptation is required. 


The relationship between trauma from occlusion (TFO) 
and periodontal disease has been discussed for more 
than a century. A few observational studies reported a 
positive relationship and demonstrated that periodontally 
compromised teeth presenting TFO had less bone support 
and greater pocket probing depth. 


A stable, non-traumatic occlusion can be 


established by the following methods 





Reshaping of ; 
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Coronoplasty. 


Fig 45.1: Methods to establish non-traumatic occlusion 
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Guidelines for deciding occlusal therapy: 


@ The patient’s susceptibility to periodontal disease 
should be confirmed. 


@ The negative influence of occlusion on periodontally 
diseased teeth should be established. 


@ Occlusal trauma and non-pathologic mobility should 
be distinguished. Hence, home care regimen with 
comprehensive scaling and root planing should 
be performed before assessment of persistent or 
residual tooth mobility. 


@ Occlusal appliances are beneficial, as their effects are 
reversible. 


@ The irreversible changes in tooth structure due to 
the planned occlusal therapy should be included in 
the restorative plan of the patient. 

@ Informed consent is mandatory as the patient should 
be aware of the goals, limitations and consequences 
of occlusal therapy. 

@ It is only an adjunct to conventional periodontal 
therapy. 


@ It is never a primary treatment for TM) disorders 
and there is no evidence for beneficial effects on 
bruxism. 





Fig. 45.2 Basic guidelines for a therapeutic occlusion 


Basic Maximum distribution of occlusal 
Principles stresses in centric occlusion 
for Occlusal 

Forces of occlusion should be borne as much 
Adjustment 


as possible by the long axis of the teeth. 


When there is surface-to-surface contact 
of flat cusps, it should be changed to a point- 
to-surface contact. 


Once centric occlusion is established, 
never take teeth out of centric occlusion. 


Fig. 45.2: Basic Principles for Occlusal Adjustment 
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Objectives of Coronoplasty: 


The prime objective of coronoplasty is the mechanical 
elimination of supra-contacts involved in function and 
parafunction. There should be minimal difference between 
the initial tooth contact at centric relation and maximum 
intercuspation. 


Positive results of occlusal adjustment include the 


following: 


@ Changes in the pattern and degree of afferent 
impulses. 


@ Lessening of excessive mobility. 
@ Achieve maximum intercuspation 


@ Multiple simultaneous contact spread over the 
occlusal scheme to effect occlusal stabilization (i.e. 
decrease need for muscularstabilization). 


@ Beneficial change in the pattern of chewing or 
swallowing. 


@ Multidirectional mandibular 
without interferences. 


movement patterns 


@ Verticalization of occlusal forces on implants. 


@ Elimination of trauma from occlusion. 


Indications for coronoplasty: 


lt is a direct and irreversible change of occlusal scheme to 
ensure that the maximum intercuspation is coincident with 
centric relation. Coronoplasty may be performed to relieve 
traumatic occlusion. It can range from altering the contours 
of a single tooth to a major full-mouth equilibration. 


@ Trauma from occlusion: 


Occlusion is adjusted for patient who demonstrates 
periodontal changes manifested in the form of 
excessive tooth mobility, angular thickening of 
periodontal ligament, and true instances of angular 
(vertical) bone destruction, furcation involvement, 
and migration of teeth. 


lf there is generalised trauma from occlusion, faulty 
maxillo-mandibular relationships may be involved in 
the production of trauma. Normalisation of these 
relationships may require major changes in the 
mandibular occlusion. It should be done in accordance 
with the guidelines for therapeutic occlusion. 
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@ Planned occlusion reconstruction: 


In cases with few remaining teeth, the attempt to 
preserve an acquired, eccentric occlusal position 
dictated by few remaining teeth is unwarranted. A 
‘Therapeutic’ mandibular position is more practical. 


The indications as proposed by Ash include: 


@ Presence of occlusal contact relationships that cause 
trauma to periodontium, joints, muscles or soft 
tissues. 


@ Presence of an interference to function (chewing and 
swallowing). 


@ Presence of interferences that aggravate parafunction 
habit effects. 


¢ The need to establish a functional baseline for 


comprehensive restorations. 


@ Need to aid splint therapy or to stabilize results 
of orthodontic, orthognathic surgery and 
temporomandibular joint surgery. 


Contraindication: 


Preventive occlusal adjustment (Preventive coronoplasty): 


where the occlusion appears to be abnormal but without 
signs of trauma from occlusion. 


Armamentarium: 


Recommended materials for identifying, marking tooth 
contact and contact movement are 


@ Occlusal registration strips. 
@ Occlusal indicator wax. 
@ Marking ribbon (red, green). 
¢ Articulating paper. 
The disharmony could be corrected with, 


@ Rotary cutting tools like handpieces, diamond stones 
and burs 


@ Polishing tools. 


Sequencing coronoplasty in treatment 
planning: 


Occlusion is usually adjusted after gingival inflammation and 
periodontal pockets have been eliminated for the following 
reasons: 
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@ Evidence related to the pathogenesis and healing of 
trauma from occlusion suggests that the benefits of 
coronoplasty are not complete if inflammation is not 
eliminated first. 


@ Teeth with periodontal disease often migrate. After 
the inflammation is eliminated, the teeth shift again, 
often in the direction of their original position. If 
the occlusion is adjusted before the inflammation is 
alleviated, it may have to be readjusted after gingival 
health is restored. 


@ The sequence of treatment is modified under the 
following conditions: 


< In infrabony pockets. 

<> In mucogingival surgery. 

<> In case of excessive tooth mobility. 

<> Ifa cracked tooth is suspected. 
Occlusal analysis: 


OCCLUSAL ANALYSIS: A systematic examination of the 
masticatory system with special consideration of the effect 
of occlusion on the teeth and their related structures. 
(Glossary of Periodontal terms,2001) It is done on casts 
made from dental impressions. 


Selecting an occlusion guidance scheme: 


¢ Balanced Occlusion: It is the simultaneous 
contacting of the upper and lower teeth on both 
sides and in the anterior and posterior occlusal 
areas of the jaws. The occlusion that thus develops 
will prevent tipping or rotation of the denture base 
in relation to the supporting structures. 


¢ Canine-protected occlusion: lateral 


mandibular movements are guided by the canine 
teeth and the maxillary and mandibular teeth bear 
the occlusal forces during lateral excursions. 


¢ Group function: It is not indicated for 


periodontally compromised dentition. 
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Table 45.1 Occlusal adjustment 


Selective grinding 


Coronoplasty 


Goals of occlusal adjustment: 


@ Prevention or elimination of parafunction. 


¢ Selective grinding in centric occlusion. ¢ Creation of symmetrical left/ right chewing function. 
¢ Do not grind the upper lingual or lower buccal ¢ Stabilization of the occlusal plane. 
CUSPS. @ Adjustment of occlusion after orthodontic 
¢ Primary centric holding cusps are the maxillary treatment. 
lingual cusps. Never grind these cusps. ¢ Adjustment of occlusion before prosthetic 


¢ Selective gringing in working-side relation. 


Secondary centric holding cusps are the mandibular 


buccal cusps. Grind these cusps only if there is a 


balancing side interference. 


Correction of working interference is carried 


according to the Rule of B-U-L-L 


¢ Buccal cusp inner inclines of Upper teeth. 


replacement. 


Clinical goals of occlusal adjustment: 


¢ Lingual cusp inner inclines of Lower teeth. 


¢ Selective grinding in balancing side relation. 


Grind the inner inclines of the mandibular buccal 


cusps. 


Never grind the maxillary lingual cusps-Primary 


centric holding cusps. 


Restorative dentistry 
Orthodontics 


Grooving) A 


Itinvolves restoring of 
developmental grooves 
depth, made shallow by 
occlusal wear. 


Tapered cutting tools are 
used. 





Spheroiding 


Fig. 45.3 Clinical Goals of Occlusal Adjustment 
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It consists of reducing the 
supracontact (prematurity). 


itis not performed to narrow 
the occlusal surfaces. 


itrestores the bucco-lingual 
width of the occlusal surface 
present before wearing. 


The recontouring is started 2- 
3mm mesial or distal to the 
prematurity. The tooth is 
recontoured from the occlusal 
margin to a distance 2-3mm 
apical to the marking. Effortis 
made to preserve the occlusal 
height of the cusps. 


itis carried out with a paint 
brush stroke. 





Pointing» 


The clinic nd marginal ridges, while at the same time 
conserving original crown structure. 


The purpose of selective 
grinding is to remove all 
interferences without 
destroying the cusp height. 
It consists of restoring cusp 
point contours. 


Itis done by reshaping the 
tooth with rotating cutting 
tools. 
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Selective grinding (Schuyler -1935) 


@ Elimination of gross occlusal disharmonies visible to 
naked eye like 


<> Plunger cusps 
<> Malposed and extruded teeth 
<> Discrepancies in marginal ridge height. 


<> Buccolingual diameter can be reduced in attrited 
teeth. 


@ Correction of prematurities in RCP. 


<> Without prematurities on lateral excursion — the 
fossa is ground 


<> With prematurities in lateral excursion — the 
cusps is ground 


¢ Correction of protrusive disharmonies. 


<> There should be a smooth glide into the edge-to- 
edge position with contact among many anterior 
teeth (incisors and canines). 


<> It should be noted that incisal edge of lower 
incisors in a centric stop. Reduction of this stop 
can improve the esthetics. However, it can also 
lead to overeruption of reduced tooth, recreation 
of a new interference and aggravation of the 
problem. 


@ Correction of disharmonies in lateral excursions. 


<> Objective is to establish group function on working 
side and disarticulation of the non-working side. 


<> Non-working side contacts / Balancing contacts 
usually produce advanced periodontal destruction 
and TMJ dysfunction. 


<> Premature contacts on buccal cusps of working 
side are adjusted by grinding the buccal cusp of 
upper tooth. 


<> Premature contacts of lingual cusps on working 
side are adjusted by grinding the lingual cusp of 
lower tooth. This is called BULL (Buccal Upper 
Lingual Lower) rule. 


<> Correction of non-working side contact is difficult 
as it is on the supporting cusps — buccal incline 
of upper palatal cusps or lingual incline of lower 
buccal cusps. It can be corrected only if there 
is premature contact in both working and non- 
working positions. 
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<> The cusp tip which is the centric stop should be 
retained, to avoid over-eruption. 


All the adjusted surfaces should be polished smooth. 


@ If done properly, the patient remarks an improvement 
in feel of occlusion. 


Sequence for coronoplasty: 
The coronoplastyis undertaken in the following steps. 


Step I: Remove retrusive prematurities and eliminate 
the deflective shift from retruded contact position (RCP) 
to intercuspal position (ICP). The retrusive pathway 
prematurities are eliminated in this step. 


Step 2: Adjust intercuspal position (ICP) to achieve stable, 
simultaneous multi-pointed, widely distributed contacts. 
This helps in achieving occlusal stability. 


Step 3: Test for excessive contact (fremitus) on the incisor 
teeth. 


Step 4: Remove posterior protrusive supracontacts and 
establish contacts that are bilaterally distributed on the 
anterior teeth. 


Step 5: Remove or lessen mediotrusive (balancing) 
interferences. 


Step 6: Reduce excessive cusp steepness on the 
laterotrusive (working) contacts. 


Step 7: Eliminate gross occlusal disharmonies. 
@ Extruded teeth 
@ Plunger cusps 
@ Uneven adjacent marginal ridges 
@ Rotated, malposed and tilted teeth 
@ Facets and flat occlusal wear. 
Step 8: Recheck tooth contact relationships. 


Step 9: Polish all rough surfaces. 


Criteria for judging the outcome of 
coronoplasty: 


@ There is no asymmetric shift from retruded contact 
position (RCP) to Intercuspal position (ICP). If the 
shift is present, it is smooth, symmetric, and less than 
Imm in magnitude. 
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¢ The completed adjustments have light contact or no 
contact between the incisor teeth and firm contact 
between as many posterior teeth as possible. 


@ The patient perceives ‘even’ (bilateral) contacts when 
closing the teeth to intercuspalposition (ICP). 


@ Sharp occlusal sounds are produced when the patient 
taps slowly and firmly into Intercuspal position (ICP). 


@ Molars excursive supracontacts are neutralised or 
significantly reduced so that unrestricted glide paths 
are available for the posterior cusps. 


@ Tooth guidance under lateral and_ protrusive 
excursions is smooth and without effort. 


¢ The displacement of mobile teeth is minimized. 


Table 45.2:Occlusal adjustment and TMD 


Coronoplasty |) 
Role of occlusal therapy: 


Occlusal adjustment as a part of periodontal therapy 
has been controversial. It can be beneficial at tooth and 
periodontal level but recent systematic reviews suggest 
that the available evidence is inconclusive. 


However some studies show that the teeth with untreated 
occlusal discrepancies had worse periodontal parameters 
including probing depth, prognosis, and tooth mobility and 
furcation involvement than those with treated teeth. There 
was also significant reduction in sulcular fluid flow and 
improvement after occlusal adjustment. 


atert=r la alsle Year Review Question aCe Ta 


Koh & Robinson 2003 


and preventing TMD. 


Weston et al 2008 


Occlusal adjustment for treating temporo- 
mandibular joint disorders (TMD) in adults 


The effect of occlusal interventions on 
adults who have periodontitis in relation 
to tooth loss, probing depths, clinical at- 


¢ Its use lacks evidence. 
¢ It cannot be recommended for the 
management or prevention of TMD. 


There is no evidence for or against 
the use of occlusal interventions in 
clinical practice. 


tachment level, adverse effects and patient- 


centred outcomes. 


Foz et al 2012 


parameters. 


Further studies with stricter protocols are mandatory to 
evaluate the role of occlusal adjustment in periodontal 
treatment. The decision should be based on clinical 
evaluation, patient comfort and tooth function. 


Review Questions: 


Essay Questions: 


|. Discuss the role of coronoplasty in periodontal 
therapy. 


Short notes: 


2. What are the objectives of coronoplasty? 
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To identify and analyze those studies that 
investigated the effects of 

occlusal adjustment, associated with peri- 
odontal therapy, on periodontal 


There is insufficient evidence at 
present to presume that occlusal 
adjustment is necessary to reduce the 
progression of periodontal disease. 


Principal references and suggested further 
reading: 


@ Eley BM,Soory M, Manson JD. Periodontics. 6th ed. 
Churchill Livingstone; 2010. 


¢ Foz AM, Artese HP Horliana AC, Pannuti CM, 
Romito GA. Occlusal adjustment associated with 
periodontal therapy--a systematic review. J Dent. 
2012; 40(12):1025-35. 


@ KohH, Robinson PG. Occlusal adjustment for treating 
and preventing temporomandibular joint disorders. | 
Oral Rehabil. 2004 Apr;3 | (4):287-92. 
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@ Manson JD, Eley BM. Outline of Periodontics. Third @ Varma BRR, Nayak RP. Clinical Periodontology. I st ed. 
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crossbite in children aged 4 to 5 years.Am J Orthod 
Dentofacial Orthop |31:464-472, 2007 
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Chapter Outline: 


¢ Definitions and terminology. 

¢ RATIONALE. 

¢ Classification of splints. 

¢ Materials used for teeth splinting. 

¢ Fiber reinforced composite splint. 

¢ Splinting in periodontal treatment plan. 


Definitions and terminology: 


A dental splint is an appliance designed for the 
immobilization or stabilization of loose/mobile teeth. 
(Lemmerman -1976) 


SPLINT: Any apparatus, appliance, or device employed to 
prevent motion or displacement of fractured or movable 
parts. (Glossary of Periodontal Terms, 2001) 


DENTAL SPLINT: An appliance designed to immobilize 
and stabilize loose teeth. (Glossary of Periodontal Terms, 
2001) 


SPLINTING, OFABUTMENTS: The joining of two or more 
teeth into a rigid unit (Glossary of Periodontal Terms, 
2001) 


Splinting is a viable treatment option in developing a 
therapeutic occlusion. 


RATIONALE: 


@ It prevents mobility which interferes with function. 


@ It helps in favourable force distribution to the 
remaining periodontium. 
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« Review Questions. 


= Essay Questions. 
# Short notes. 


¢ Principal sources and suggested further reading. 


@ Splinting serves two purposes: 
<> Provides rest during periodontal wound healing 


<> Provides comfort/support in performing function, 
in cases of reduced/weakened periodontium. 


TOOTH MOBILITY: The movement of a tooth in 
its socket resulting from an applied force. (Glossary of 
Periodontal Terms, 2001) 


Pathological tooth mobility is caused by inflammation of 
the periodontium that leads to the loss of the periodontal 
attachment or due to parafunctional forces exerted on the 
periodontium or both. 


Therefore, the proper diagnosis of the aetiology of tooth 
mobility is the key for successful treatment of mobile 
teeth. 


A number of treatment considerations must be considered 
to treat trauma from occlusion. This includes one or more 
of the followings: 


@ Occlusal adjustment. 
@ Management of parafunctional habits. 


@ Temporary or long-term splinting. 


(Treatment consideration in Periodontology Section - VII 









eTeeth exhibit a certain degree of 
mobility known as physiologic 
tooth mobility. 


eTooth mobility secondary to 
inflammation of periodontium 
lan elelal=e theme aelaryie(as) mh 
pathologic (Pollack 1999). 


ePeriodontal disease. 

eTrauma from occlusion. 

elatrogenically shortened roots 
following apical surgery. 

eExcession orthodontic force. 

Title eases elie ap 


MOBILITY 
MOBILITY 


PHYSIOLOGIC TOOTH 
PATHOLOGIC TOOTH 


eIntrabony pathology 


Fig. 46.1 Tooth mobility 





1. Improves patient chewing 1. Any alteration to the tooth 
comfort in case of mobile teeth. surface increases plaque 
accumulation.Hence downgrowth of 
plaque and associated attachment 
loss are not prevented. 


2.It may promote periodontal 
healing. 


3. Clinician can use periodontal 
splinting as an adjunct in treatment 
of mobile teeth. 


2. It does not guarantee that 
occlusal stress can be completely 
eliminated. 


3. It does not eliminate the cause of 
mobility or the progress of 
periodontal disease. 


Fig. 46.2 Advantages and disadvantages of periodontal splinting. 
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Orthodontic treatment. 
Occlusal reconstruction. 


Extraction of selected teeth. 


Indications: 


4 


¢--ethUlU OHmhUC Hh Hh OH 


To stabilize mobile teeth, especially teeth with 
progressive mobility. 


Pathologic migration. 

To promote periodontal healing. 

To improve patient comfort. 

Prosthetic rehabilitation with multiple abutments. 
Orthodontic retention. 


Repositioning or re-implantation of avulsed teeth in 
cases of post-acute trauma. 


Splinting teeth in primary or secondary occlusal 
trauma. 


Contraindications: 


a. 
b. 


Cc. 


Deciduous tooth. 
Non-progressive tooth mobility. 


Lack of patient discomfort. 


Requirement for a splint: 


4 


It should incorporate an adequate number of 
additional teeth to reduce the extra load on target 
tooth/teeth to a minimum-At least two firm teeth for 
every mobileteeth. 


It should rigidly hold the teeth and should not impose 
torsional stresses on any incorporated teeth. 


It should extend around the arch,so that it counteracts 
the antero-posterior forces and facio-lingual forces. 


It should not interfere with the occlusion. If possible, 
gross tooth disharmonies should be eliminated before 
the application of the splint. 


It should be aesthetically acceptable. 


@ It should not irritate the pulp. 


It should not irritate the soft tissues, gingivae, cheeks, 
lips or tongue. 


It should be easy to clean and should permit 
periodontal instrumentation. 
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@ It should not block the interdental embrasure 


spaces. 


@ It should not impinge on the interdental papilla. 
Classification of splints: 


|. According to duration: 


<> Temporary or provisional: 


e They are used to assist healing after injury or 
after surgical treatment. 


e They should be reasonably easy to apply to 
mobile teeth and also easy to remove after 
healing has taken place. 


e Are placed for less than 2 months. 


e lf adequate stabilization has not taken place in 
that time a more permanent form of splinting 
Is necessary. 


e Examples are composite resin splint on acid 
etched surface with no tooth preparation, 
wire and acrylic splint, orthodontic bands, 
acrylic bite-guards. 


<> Semi-permanent: 
e They are placed for months to years 


e May be employed during an observational 
period before determination of the long-term 
prognosis. 

e Examples are: composite resin splint with 
tooth preparation in the anterior region, 
removable cast chrome-cobalt alloy 
frameworks incorporating finger clasps for 
retention, wire placed in continuous posterior 
MODs amalgams and subsequently filled with 
composite resins. 

<> Permanent/Definitive: 

e They are placed for the life of the teeth. 

e It is employed during complex oral 
rehabilitation where abutments are highly 
mobile or where a few abutments must 
support the entire prosthesis. 

e Examples are fixed splints like inlays or crowns 
and removable splints like chrome-cobalt 
partial denture with extensions covering the 
lingual surfaces of the teeth to be protected. 


Yy 
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<> Removable: It can be removed by the patient. 


<> Fixed: It cannot be removed by the patient. Fixed 


prosthesis works as a permanent splint » 
Ill. According to fabrication technique: . Bs 
<> Direct: fabricated inside the mouth. 
<> Indirect: fabricated outside the mouth in the lab. % 


IV. According to tooth preparation: | 
™e, 


<> Intracoronal: where the splint takes retention P 
form inside the crown, with cavity preparation. 


2 : 


Fig. 46.4 Extracoronal Splinting Done with Stainless 
steel-Wire Secured with Composite (Dr. Neha) 


<> Extracoronal: where the splint takes,retention 
form the external surface of crown. e.g Ligature 


wire, night guards. etc., 

















BIG. 
Fig. 46.3 Extra Coronal splinting 





Fig. 46.5 Extracoronal Splinting Done With 
Rebond Secured With Composite (Dr. Neha) 
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Materials used for teeth splinting: 





Fiber reinforced composite splint: 


The fiber in the splint acts as stress-bearing component. 
(Kathariya et al 2016) Fiber reinforced composite resin 
material are well suited for stabilizing hypermobile teeth 
that interfere with chewing function because of their elastic 
modulus, aesthetics, pliability, and the possibility of chemical 
adhesion both to the composite materials and the tooth, as 
opposed to the metal wires. They are inexpensive, easy to 
repair and need no preparation of the sound teeth. Hence, 
they present an alternative treatment choice over other 
invasive restorative procedures. (Kumbuloglu et al 2011) 
Kumbuloglu et al in a study found that direct tooth 
splinting with unidirectional E-glass Fiber reinforced 
composite resin material performed successfully up to 
4.5 years. Periodontal status of the splinted teeth showed 
decreased PPD and CAL. 


Unidirectional E-glass fibres (everStick Perio, StickTech), 
woven fiber strip(Ribbond THM &Ribbond Reinforcement 
Ribbon (Ribbond, Seattle, Wash)), braided rope fiber strip 
(Splint-It (Pentron, Wallingford, Conn)) and Open weave 
glass fiber ribbon (GlasSpan (GlasSpan, Exton, Pa)) are some 
of the types of Fiber reinforced composite splint material 
commercially available for periodontal splinting. 


Splinting in periodontal treatment plan: 


@ Teeth may be temporarily splinted as part of initial 
phase or Phase | therapy, before periodontal surgery. 


@ Permanent splints may be placed as part of 
the restorative phase of therapy or Phase Ill therapy. 
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@ Diagnosable occlusal trauma warrants occlusal 


adjustment. 


@ Occlusion should be stabilized before splinting. If one 
tooth in a splint is in a traumatic occlusal relationship, 
the periodontal tissues of the remaining teeth may 
also be injured. Therefore, it is of primary importance 
to stabilize the occlusion prior to splinting. 


Occlusal forces applied to splints are shared by all teeth 
within the splint, even if the force is applied to only one 
section of the splint.(Glickman I, Stein S et al. 1961). 


The rigidity of the splint allows it to act as a lever so that 
the forces applied to some teeth in the splint may be much 
greater that before splinting. Therefore, the inclusion of a 
mobile tooth in a splint does not completely relieve the 
tooth from occlusal forces, nor does it guarantee against 
injury from excessive occlusal forces. 


@ All types of additions on natural tooth surface will 
lead to increased accumulation of plaque on teeth. 


@ Splinting generally controls mobility only when the 
splint is in place. If the splint is removed, the tooth 
mobility resumes. Hence, addressing the cause/ 
aetiology for mobility should be of prime concern in 
treating mobility not just mere splinting. 


@ Soares et al (2011) in an invitro experiment found 
that periodontal splints with adhesive system 
and composite resin produced lower bone 
strains irrespective of occlusal load. 


Cy 
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@ In another invitro,3D finite element analysis finding 
cautioned against long durations of splinting in 
patients with higher anterior inclination and/or 
patients with reduced labial bone thickness. (Gerami 
et al 2016) 

Review Questions: 


@ In a clinical study, Akcali et al (2014) evaluated the 
success and clinical survival of two different splint 
materials- wire composite splint (VWWCS) or fiber- 
reinforced composite splint (FCS) bonded on 
periodontally treated mobile teeth. The authors 
showed that FCS tend to show increased mechanical 
limitations compared to WCS. Inaddition, teeth with 
periotest values above 40 after periodontal 
treatment may be more prone clinically to splint |. Define and classify periodontal splints. Give its 
failures independent of the splint material. indications, role and biophysical principles. 


Short notes: 


Essay Questions: 


Important considerations: 


2. Write a note on temporary splints in periodontal 
¢ It should be realized that mobile abutment teeth therapy. 


should be used with cross-arch design. Otherwise, a 
unilateral bridge would exhibit mobility of the entire 
units.A cross-arch design would counteract any lever 


effect of the functional forces. This is especially with Principal sources and suggested further 
mobile anterior teeth where posterior abutment 


3. Write a note on materials used for periodontal 
splinting. 


in both arches should be included in the bridge to je 
counteract the lever effect. With cross arch splint ¢ Akcali A, Giimiis P Ozcan M. Clinical comparison of 
design and stabilized balanced occlusion, successful fiber-reinforced composite and stainless steel wire 
long-term results has been accomplished for the for splinting periodontally treated mobile teeth. Braz 
splinted teeth.(Nyman and Ericsson |982) Dent Sci 2014;17(3): 39-49. 

¢ The occlusal adjustment should be done first, Barzilay I. Splinting teeth--a review of methodology 
especially when tooth mobility is associated with and clinical case reports. J Can Dent Assoc. 
widening of the periodontal ligament (Waerhaug and 2000;66(8):440-3. 


Hansen | 966). @ Bernal G, Carvajal JC, Munoz-Viveros CA.A review of 


@ Increased accumulation of plaque is expected with the clinical management of mobile teeth. ] Contemp 
splinting. Therefore, good oral hygiene practice is a Dent Pract. 2002; 15;3(4):10-22. 
mandate. @ EleyBM, Soory M, Manson JD. Periodontics. 6th ed. 
@ Night guards are recommended in patients with Churchill Livingstone; 2010. 
parafunctional habits like bruxism and clenching 


Etieas bilizati f Ei lecti ‘usa @ Ferencz JL. Splinting. Dent Clin North Am. 
ollowing stabilization of teeth by selective occlusa 1987;3 | (3):383-93 


adjustment.(Mikami, 1977 
: ( @ Gerami A, Dadgar S, Rakhshan V, Jannati P, Sobouti F. 


Displacement and force distribution of splinted and 
tilted mandibular anterior teeth under occlusal loads: 


an in-silico 3D finite element analysis. Progress in 
@ Geramy et al (2010) conducted a 3-dimensional finite Orthodontics. 2016; 17:16. 


element study showed that splinting a very weak = 4 Geramy A, Adibrad. M, Sahabi M. The effects of 
abutment to an adjacent healthy tooth might not be — 
. splinting periodontally compromised removable 
beneficial. The acceptable crown to root ratio for . 
partial denture abutments on bone stresses: a three- 


HEE SPUnEie, a Weak @BUCMene 2: ale ddjaccie dimensional finite element study. Journal of Dental 
normal tooth was around |.65-—2. 
Sciences 2010;5(1) I-7. 


@ Phoenix et al (2004) in a review pointed out that a 
tooth that has lost more than 50% of its bone 
Support is a poor candidate for fixed splinting. 
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Chapter Outline: 


¢ Instructions to patients after periodontal surgery. 
¢ Hemostatic agents. 
¢ Dental Surgical Procedures in patients undergoing 
anticoagulation therapy. 
¢ Suturing in periodontics. 
o Needles. 
o Guidelines and Techniques for suturing in 
periodontal surgery. 


The principles of periodontal surgery are as same as another 
surgical procedure. The prime aim of the periodontal 
surgery is to enhance the long-term preservation of the 
periodontium by aiding in plaque removal and plaque 
control. 


The periodontal surgery can serve the following purposes 
|. Create access for scaling and root planing. 


2. To reduce, modify or eliminate plaque retentive areas 
— thus facilitating plaque control. 


3. To re-establish physiological morphology of the 
periodontium. 


4. Enhance periodontal regeneration. 


5. Enhance the aesthetics. of otherwise 


physiologically normal gingiva. 


even 


However, periodontal surgical procedures are financially 
costly, time-consuming and 
(Trombelli) Hence the clinical decision-making process 
should be based on evidence-based information. 
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Suturing techniques. 
e Periodontal pack. 
oO Types of periodontal pack. 

e Healing after flap surgery. 

o Stages of wound healing. 
Complications of periodontal surgery. 
Review Questions. 
Principal Sources and Suggested Further Reading. 
Incisions in Periodontal surgery. 


INSTRUCTIONS TO PATIENTS AFTER 
PERIODONTAL SURGERY 


|. Care about anaesthesia: 


¢ Care must be taken not to damage the tongue, 
cheek, lip and the treated area until numbness 
does not wear off. 


¢ Patient must be asked not to sleep during that 
time, as they may bite the anesthetized tissues 
unknowingly. 


¢ In case of discomfort take paracetamol, avoid 
aspirin. 


2. Use of antiseptics: 


¢ Patient is asked to hold |Oml of 0.2% chlorhexidine 
mouthwash in the operated area for | minute, at 
least once daily. 


3. Postoperativehaemorrhage: 


¢ Occasional presence of blood stains in the saliva. 
It is common for 4 to 5 hrs after surgery. 
yy 
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¢ In case of considerable bleeding, the patient is 
asked to apply gentle but firm pressure to the area 
for 20 minutes using gauze or a clean handkerchief. 
Tea bag contains tannic acid, which is an astringent. 
Hence, it can be used as a home remedy, and the 
patient can bite on the tea bag to arrest bleeding. 


¢ The patient should never try to stop bleeding by 
rinsing. 


¢ The dentist should be contacted if bleeding does 
not stop. 


4. Swelling and inflammation: 


¢ The patient is asked to suck ice or place ice pack 
over the area of surgery for the first 24 hours. 
This keeps the tissue cool, reduces inflammation 
and swelling. 


¢ Swelling is not unusual. It may be seen by |-2 days 
after surgery and subsides gradually by 3-4 days. If 
swelling occurs, apply moist heat over the area. 


5. Periodontal dressing and sutures: 


¢ Care must be taken to avoid dislodgment of the 
periodontal dressing. 


¢ Incase the pack gets dislodged or damaged, it can 
be removed, and the area can be repacked. 


¢ Hot food is to be avoided for first 3 hours to allow 
the pack to harden. 


¢ Do not chew the food on the pack or on the side 
of surgery. Patient is advised to chew on the non- 
operated side. 


¢ Incase a (suture) stitch gets loosened, the patient 
is advised not to tease or pull it. They must report 
to the dentist immediately. 


6. Plaque control measures: 


¢ The patient is advised to keep his/her teeth clean 
using the usual method of brushing or flossing 
except the areas which underwent surgical 
procedure. 


¢ High degree of oral hygiene maintenance is a must 
for uneventful healing and better results. 
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7. Habits: 


¢ Eating habits: Avoid eating citrus fruits, fruit juices, 
aerated beverages, spicy foodstuffs, and alcohol. 
Use of such items may cause pain. 


¢ For the first day, avoid hot foods. 


¢ Soft diet is preferred. It decreases the chances of 
trauma and injury. 


¢ The patient should be encouraged to return to a 
regular eating schedule as soon as possible. 


¢ Dehydration may impede recovery. Hence the 
patient should be educated about the importance 
of keeping well hydrated. 


¢ Use of tobacco in any form is to be avoided. 
Nicotine present in tobacco interferes with 
normal wound healing. 


¢ Use of betel nut, pan with slake lime is to be 
avoided. 


8. General instructions; 


¢ Patient should be asked to minimize physical 
activity, to avoid exertion. 


HEMOSTATIC AGENTS 
DEFINITIONS AND TERMINOLOGY: 


Haemostaticis an agent used to reduce or arrest bleeding 
from minute vessels by hastening the clotting of blood or 
by the formation of an artificial clot. 


Haemorrhage (an escape of blood) is the loss of blood due 
injury or damage to the blood vessel. 


Haemostasis: Arrest of haemorrhage. 
Periodontal Terms, 2001 ) 


(Glossary of 


Haemostat:Any agent, apparatus, or instrument that may be 
employed to arrest haemorrhage. (Glossary of Periodontal 
Terms, 2001) 


LIGATE: To tie or bind, usually in the therapeutic sense, 
for the purpose of stopping bleeding or immobilizing a 
structure. (Glossary of Periodontal Terms, 2001) 


Astringents produce haemostasis by causing tissue 
contraction followed by coagulation of blood in the vessels 
in the local area. 
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Styptics may be considered as a concentrated form of an 
astringent. 


STASIS: The arrest or cessation of flow of any body fluid, 
especially blood. (Glossary of Periodontal Terms, 2001) 


Requirements of a haemostatic agent for use in oral 
Cavity: 


@ Must possess native clotting mechanisms that do not 
pass through the salvage filtration systems. 


@ Must be inexpensive, 


¢ Must be easy to apply and require minimal 
supervision. 


@ Must be long lasting with low risk. 


@ Must be able to accomplish haemostasis within the 
necessary time. 


@ Does not cause allergic reactions. 
@ Must not stain the oral tissue. 


@ Must have no adverse effect on the biomaterials used 
in the oral cavity for therapy such as composite. 


@ Must not have bad taste and smell. 


¢ There are various types of haemostatic agents and 
respective configurations available. Each of these 
agents have their own advantages and limitations. 







¢ Improves operators 


Haemostatsis visibility and hence 


during improves the 
periodontal eon 
¢ Improves patient 
surgery comfort. 
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Fig. 47.1 Haemostasis and Periodontal surgery 











General consideration in Periodontal Surgery 





HAEMOSTATIC METHODS 





HEMOSTATIC AGENTS 
(Commercially available agents) 





HAEMOSTATIC AGENTS 
(Pharmacological action) 


Fig. 47.2 Hemostatic Agents/Methods to attain Haemostasis 


that could be used in Periodontal Surgery 
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Table 47.1: Hemostatic Agents/Methods to Attain Haemostasis that Could be used in Periodontal Surgery 


Agent/Methods Advantages, Disadvantages, and limitations 





Ligation of Blood __In case,a medium vessel or a large This will prevent further bleeding. It can be used when 
Vessels vessel is lacerated.A suture could be a vessel gets severed while procuring, for example, a 
passed through the tissue around the _ palatal soft tissue graft but bleeding from capillaries 
vessel and sutured. and inflamed granulation tissue in periodontal pockets 
cannot be managed. 
Pressure applica- = The bleeding area is compressed with It is the most prevalent and most common in practice. 
tion gauze with ice. It helps in arrest of bleeding from the capillaries. 
Electrocautery It cauterizes the bleeding capillaries. It is used when haemostasis is not achieved by pressure 
application. 
Epinephrine lt may be applied topically as alocal It is most effective in the control of superficial capil- 
(1:100,000) haemostatic agent. lary bleeding but will not control bleeding from larger 


vessels. Not advised for usage in patients with cardio- 
vascular problems. 


Gelatin (Bovine It is derived from denatured collagen. It is useful for most patients taking an anti-thrombotic 
origin) It is commerciallyavailable in different agent. 

forms and shapes. It is an absorbable 

haemostatic agent and is available as 

powder or porous sheet. Its haemo- 

static properties can be improved by 

soaking in thrombin / gel foam. It can 

be sutured into a desired area. 


Collagen (Bovine _ It is a compound present in the lt controls mild-to-moderate bleeding in 2-5 min. It is 
origin) extracellular matrix of animal cells. It expensive. 
is used as an absorbable haemostatic 
dressing. It is available in various 
forms and shapes for application as 
haemostatic agents. The collagen 
fibrils attract platelets and triggers ag- 
gregation in fibrous mass resulting in 
primary hemostasis. It can be cut or 
shaped.Adheres to bleeding surfaces 
when wet, but does not stick to 
instruments, gloves, or gauze sponges. 


Oxidized Cellulose Oxidized cellulose is surgical gauze It is useful to control bleeding when other agents inef- 
(Plant Origin) that has been treated with nitrogen _ fective. It is absorbed slowly if it contains a great deal of 
dioxide. It is a physical haemostatic blood, may retard wound healing. 


agent i.e. it exerts pressure. It ad- 
heres to the tissues and absorbs 
approximately 50 times its weight in 
blood.Within a day of its placement, 
it becomes gelatinous and can be 
removed. 
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Topical thrombin. 
(bovine origin) 


Chitosan (Crusta- 
cean Origin) 


Tranexamic Acid 


Fibrin/ Tissue Glue 


Ferric Subsulfate 
Solution/ Monsel’s 
Solution 


Tannic Acid 


Cyanoacrylate 
glues (Synthetic) 


It is a blood-clotting factor- a pro- 
teolytic enzyme, directly converts 
fibrinogen to fibrin speeds up the 
disruption of platelets, and activates 
factor V. It is available as powder or 
liquid. 

It is a polysaccharide-deacetylated 
form of chitin, derived from the 
exoskeletons of crustaceans. It is 
nontoxic and enzymatically degrad- 
able. It aids in haemostasis by platelet 
adsorption and erythrocyte aggrega- 
tion. 


It is a competitive inhibitor of plasmi- 
nogen activation. 


It converts fibrinogen to fibrin. 


It is an astringent and a haemostatic 
agent. 


It is an astringent and has mild hemo- 
static action. 


They are biodegradable and 
bacteriostatic agents formed from 
the chemi-cal reaction between 


formaldehyde and a _ cyanoacetate 
ester. They are available in short- and 
long-chain derivatives. 


Major blood vessels are not likely to be encountered yet 
local haemostasis in periodontal surgery is not simple as in 
the case of dental extraction due to the following reasons: 


@ Inflammation: Periodontal disease is inflammatory. 
Inflamed tissue complicates haemostasis and hence 
through debridement to reduce inflammation is 
necessary before planning a periodontal surgical 
procedure. 


@ Complicated outline: Periodontal wound outline 
depends on the presence of tooth roots, shape of the 
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It can be used in moderate to severe bleeding. It is only 
of topical use. If injected it leads to widespread intravas- 
cular clotting and death. 


Can be used as a carrier membrane and as a haemo- 
static agent. 


It is useful in short-term for upto a week as a mouth 
rinse for preventing hemorrhage following dental 
extractions. It has a superficial effect on the clot and 
hence may be of limited use in case of bleeding from 
inflamed tissues. 


It is technically difficult to handle and manipulate, 
expensive and the risk of viral disease transmission. 


lt causes temporary yellow-brown to black staining 
and discolouration of the gingival tissues due to its iron 
content and disrupts the setting reaction of polyvinyl 
siloxanes. It has limited use in periodontics and is used 
in dentistry for gingival displacement. 


It is found in tea and is perhaps best used as a home 
remedy to temporarily control bleeding by biting on a 
tea bag. 

N-butyl-2-cyanoacrylate is of common use as a surgical 
tissue adhesive tissue adhesive and haemostatic agent. 


osseous defect, number of involved teeth, presence of 
granulation tissue, presence of proliferated capillaries 
and various other periodontal disease factors. 


@ Dynamics of the oral cavity: Chewing, eating, speaking 
all could lead to the disturbance of the periodontal 
wound and hence haemostasis. 


@ Incomplete removal of inflamed granulation tissue: 
After elevation of the flap in periodontal surgery 
profuse bleeding is seen due to the presence of 
granulation tissue in the pocket walls. Generally, it 


Cy 


“Non-Surgical Methodology 


disappears after the removal of the granulation tissue. 
Incomplete removal of inflamed granulation tissue by 
naive surgeon may also lead to residual bleeding from 
the surgical site. 


Dental Surgical Procedures in patients undergoing 
anticoagulation therapy: 


Review of the scientific literature by Beirne and recently 
by Wahl et al have confirmed the findings that there is 
an exceedingly low risk (0.6%) of bleeding complications 
requiring more than local hemostatic measures in 
continuously anticoagulated patients, with no cases of 
permanent morbidity or fatality. 


On the other hand, there is a similarly low (0.8%) but highly 
significant risk of serious embolic complications in patients 
whose anticoagulation is reduced or withdrawn for dental 
procedures. In some cases, these embolic complications 
resulted in permanent morbidity and even fatality. 


The evidence reviewed indicates that therapeutic 
anticoagulation with warfarin should not be interrupted 
for most dental surgery. Potential bleeding complications 
in anticoagulated patients undergoing dental surgery 
must be weighed against possible embolic complications 
when anticoagulation is withdrawn or reduced for dental 
surgery. 


The risk of postoperative bleeding complications in patients 
whose anticoagulation is continued for dental surgery 
is exceedingly small and is outweighed by the small risk 
of serious and sometimes fatal embolic complications in 
patients whose anticoagulation is interrupted for dental 
surgery. Scaling can be safely performed in patients 
on warfarin (Internationalized Normalized Ratio) 
less than 4.0 and/or antiplatelet therapy. Curettage 
and periodontal surgery can be performed in 
patients with  Internationalized Normalized 
Ratio less than 3.0 with proper local haemostatic 
procedures. 


Haemostatic agents and dental tissues: 


Bernades et al cautioned the rampant use of 
hemostatic agents as its use may induce changes in the 
dentin surface morphology and in bonding performed 
on dentin and enamel. Adhesive procedures may be 
affected adversely when performed on dentin and 
enamel contaminated by hemostatic agents. The 
authors found that a 60-second 
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application of ethylene-diamine tetra acetic acid (EDTA) 
followed by a water spray restored the bond strength of a 
self-etching adhesive to dentin; use of phosphoric acid for 
|5 seconds followed by a water spray also was an effective 
cleaning method. 


SUTURING IN PERIODONTICS 


SUTURE: Material used in closing a surgical or traumatic 
wound with stitches. (Glossary of Periodontal Terms, 
2001) 


SUTURE: The act or process of uniting a wound, either 
surgical or accidental, through suturing. (Glossary of 
Periodontal Terms, 2001) 
Objectives: The sutures 
@ Secure the soft tissues (flaps) in the desired position. 
@ Prevent bleeding. 
Stabilize the clot. 
@ Protect the wound against trauma. 
@ Promote optimal healing. 
@ Prevent bone exposure. 
Properties of suture material: 


@ It should be non-allergenic. 


@ It should be easy to handle. 

@ It should not dissolve in the oral environment. 

@ It should not be conducive to plaque accumulation. 

@ It should be of small diameter. 

@ It should be able to hold the knot and have minimal 
knot slippage. 

@ It should have adequate tensile strength. 

@ It should not elicit exaggerated tissue reactions. 

@ It should be sterilizable. 


@ It should be economical. 
Suture materials: 
|. Non-absorbable 


a. Surgical Silk: Braided silk suture was the most 
commonly used suture material in the past. 


Advantages: 
¢ It is easy to use. 
¢ It has a fair tensile strength. 


¢ It is economical. 
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Disadvantages: 


¢ It should be removed. So it needs a second 
appointment. 


¢ It has the phenomenon of “wicking” as it is a 
multifilament material; it retains bacteria and 
can act as a source of secondary infection. 


¢ It elicits extensive inflammatory — tissue 
response. 


. Expanded poly tetra fluoroethylene (ePTFE) 
(GORE-TEX by Gore medical products):The 
expanded __ polytetrafluoroethylene —_ synthetic 
monofilament is an excellent non-resorbable 
suture used today. It is ideal for use in implant 
surgery, bone grafting, and guided _ tissue 
regeneration procedures. 


Advantages: 
¢ It has good tensile strength. 
¢ It has good knot security. 


¢ Itelicits minimal tissue reaction when compared 
to surgical silk. 


Disadvantages: 
¢ It is not as easy to handle as surgical silk. 


¢ It is expensive when compared to other 
materials. 


. Polyester (ethibond/mersilene by Ethicon): It 
consists of polyethylene polymer multifilament 
braided into a single strand. 


Advantages: 
¢ They have good tensile strength. 


¢ They retain their strength in_ tissues 
indefinitely. 


¢ They are easy to use. 
¢ Produce minimal tissue reaction. 
Disadvantages: 


¢ It should be removed. Therefore, it needs a 
second appointment. 


d. Nylon (ethilon by Ethicon): 
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Advantages: 
¢ Minimal tissue reaction. 
Disadvantages: 


¢ Nylon sutures may annoy the patient sometimes 
by scratching the tongue, cheek, and lips. 


. Polypropylene (Prolene by Ethicon): it is 


composed of an isostatic crystalline stereoisomer 
of polypropylene or synthetic linear polyolefin. 


Advantages: 

¢ It has adequate strength. 

¢ It is easy to handle. 

¢ It is easy to place secure knots. 
¢ It causes low tissue drag. 
Disadvantages: 


¢ In theoralenvironment, the knots may become 
slippery. 


2. Absorbable (Resorbable): 


a. Surgical gut: The 2nd-century Roman physician 


Galenhas been credited as the first to describe 
gut sutures, or alternatively the |0th-century 
Andalusian surgeon Al-Zahrawi. They are derived 
from the intestines of the sheep/beef. They have 
a fair ease of handling, poor tensile strength, tend 
to harden, moderate tissue reaction and a short 
half-life of upto |4 days. They are commonly used 
resorbable sutures. 


i. Plain surgical gut: It has shorter absorption 
period. 


ii. Chromic surgical gut: It is treated with chromic 
salt solution to resist the body enzymes and 
hence has slower absorption rates. It should 
not be used in persons allergic to chromium. 


. Polyglactin (Vicryl by Ethicon): It consists of 


synthetic fibres made of copolymers of glycolide 
and L-lactide. They are difficult to handle. They are 
difficult to place a knot. They take longer times to 
resorb. 


. Polyglecaprone /PGCL (Monocryl by Ethicon): It is 


composed of glycolide and epsilon-caprolactone 
copolymer. It has low immunogenicity and high 
tensile strength. 
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3. Cyanoacrylates: They are tissue adhesive materials. 
The cyanoacrylate materials have a chemical formula 
H2C=C(CN)COOR. N-butyl cyanoacrylate is a 
biocompatible tissue adhesive hence used for closure 
of wounds. 


The suture threads material range from | to 10 in diameter. 
The higher number corresponds to the thinner delicate 
thread. The larger the number, the smaller is the diameter. 
The diameter of the suture material is selected according to 
the need. The following are the commonly used diameters 
of suture materials in periodontal surgical procedures. 


Table 47.2: Suture material used in Periodontics: 





Diameter of Suture 
Procedure i 
Material 


Periodontal flap procedure 4-0 
Periodontal plastic surgery 5-0 
Periodontal microsurgery 7 to 10 
Implant dentistry 3-0,4-0 


NEEDLES: 


@ The surgical needle consists of the needle point, the 
needle body, and the eyeless/ swaged (press-fit) end 
or the eye. 


@ Suture needles usually are classified according to 
their curvature, radius, and shape. 


@¢ The 3/8 and I/2 circle needles are used most 
commonly. Needles are described as what portion 
of a circle that needle would occupy. So a 3/8 needle 
will be straighter then a I/2 needle which with its 
greater curve will when placed through the tissue 
turn back on itself as it passes through the tissue. The 
3/8 needle makes it possible to rotate the needle on 
a central axis and pass from the buccal surface to the 
lingual surface in one motion. 


@ By contrast, the I/2 needle traditionally is used 
in more restricted areas, such as the buccal of the 
maxillary molars and the facial aspect of the maxillary 
and mandibular incisors. The '4 circle needle also is 
used routinely for periosteal and mucogingival surgery 
especially when there is narrow space. 
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@ Suture needles are either conventional cutting (A) or 
reverse cutting (B). 


|. A conventional suture needle due to its sharpened 
inside concave curvature may cause the tearing 
through the flap which is often described as “cut 


99 


out . 


2. By contrast, a reverse cutting needle has a smooth 
inner curvature with a third cutting edge located 
on its convex (outer) edge. In periodontal surgery, 
reverse cutting suture needles are used to prevent 
the suture material from tearing through the 
papillae or surgical flap edges. 


Anatomy of the suture: 
Ears: Cut ends of the suture beyond the knot. 


Loops: It is created by the knot. The suture passing through 
the tissues is part of the loop. 


Knot: It consists of throws. It keeps the suture in place. 


Knots: The most commonly used knots in 
periodontal surgery are the square knot, the granny 
knot, and the surgeon’s knot. 





Fig. 47.4 Granny knot 
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Fig. 47.5 Surgeons knot (2-1!) 


Guidelines and Techniques for suturing in 
periodontal surgery: 


4 


Suturing is started from the most distal part of the 
flap and continued mesially. 


The suturing is first inserted through the mobile 
tissue flap. 


The needle is held with a needle holder. 


The needle is entered into the tissue at right angles 
(30° to 45°). 


The suture is placed no less than 2 to 3 mm from the 
flap edge. This will prevent tearing through the flap 
during post-operative swelling. 


The needle is then passed through the tissue, in a 
circular pattern following the needle’s curvature. 


The knot should be small, the ears of the knot be just 
2 to 3 mm and not be placed over the incision. 


The suturing should not limit the blood supply to the 
flap i.e. the flap should not blanch when sutured. 


The interdental papilla should not be damaged while 
suturing. When suturing interdental tissue, the suture 
should pass below an imaginary plane that forms the 
base of the interdental papilla. 


Sutures of any kind placed in the interdental papillae 
should enter and exit the tissue at a point located 
below the imaginary line that forms the base of the 
triangle of the interdental papilla. 
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SUTURING TECHNIQUES: 


Interrupted sutures: They are the most commonly 


used suture type. [hey are used when both the buccal and 
lingual flaps are at similar level and require same amount 
of tension. 


a. Direct/loop/circumferential suture: It is the 
commonly used technique. 
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Fig. 47.6 Direct circumferential loop 


ee 


Advantages: 
¢ Simple and easy to perform. 


¢ Better approximation surgical flaps/interdental 
papilla. 

¢ No interposing suture material between the tissue 
flaps. 


Disadvantages: 


¢ |t cannot allow resistance of tension from muscle 
pull. 


b. Figure of eight: This technique is used in very 
restricted areas (e.g., lingual second molar). The 
second needle penetration is through the outer 
surface of the lingual flap, on the inner surface, as 
is the case with the simple loop interrupted suture 
technique. The suture needle and material are passed 
back under the contact point, and the knot is tied on 
the buccal aspect of the buccal flap. 


\ 


i | 
, eh 
Fig.47.7 Figure of eight 
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Advantages: 
¢ It is simpler and easier to perform. 
Disadvantages: 


¢ Suture thread passes between the flaps. 


Mattress Suture: 


a. Horizontal mattress suture: A horizontal mattress 


suture begins with needle penetration at the mesial 
buccal, apical to the mucogingival junction, and 


crossed under the flap to exit at the mesial lingual. 


The suture penetrates the tissue at the distal lingual 
and crosses under the flap again to exit at the distal 
lingual, apical to the mucogingival junction. At that 
point, the suture at the distal buccal is tied to the 
free end at the mesial buccal. 


Uses: 
¢ Bone regeneration. 


¢ Wide interdental spaces. 


Fig. 47.8 Horizontal mattress suture (External) 


. Vertical mattress suture: It is similar to the horizontal 
mattress suture except that its orientation is in the 
vertical direction. 


Advantages: It is used in 
¢ Bone regeneration. 


¢ Narrow interdental spaces. 
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Fig. 47.9 


External mattress suture: It is used in an attempt 
to keep minimal amount of the suture material 
within the flap. It is used along with regenerative 
techniques 











Fig. 43.11 Horizontal mattress suture (Internal) 
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Fig. 47.12 Vertical mattress suture (External) 









d. Internal mattress suture: The bulk of the suture 
material remains within the flap. It is aesthetically 
superior hence used in anterior areas. It also everts 
the papilla and positions it upright in the embrasure 
space. 


e. Laurel loop/vertical sling mattress suture: It is 
a modification of internal mattress suture wherein 
the suture thread passes through the loop created 
on the lingual side before the knot is placed. It is used 
with guided tissue membrane and bone regeneration 
techniques. 





Sling suture: 


Independent sling suture/Interrupted suspensory suture: 


It involves two interdental spaces i.e. a papilla mesial and 
distal to a tooth. The needle is passed through the distal 
papilla of the buccal flap, is carried lingually around the neck 
of the tooth or implant to penetrate the mesial papilla and 
exits on the buccal side. The suture is carried back around 
the same tooth lingually and tied with the free end on 
the buccal surface of distal papilla. The knot is positioned 
buccally. 
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Uses: 


@ It is used when flap is raised on one only side of the 
tooth. 


@ It is used to position one side of the flap 
independent of the other side. 


@ It is used to position lateral positioned/rotated 
pedicle grafts. 


Continuous sling suture: They are used for multiple 
teeth, especially when an entire quadrant is to be sutured. 
The suturing is startedat the facial surface at the papilla 
nearest the midline. 


Advantages: 


It is simple and easy to place. It can involve multiple teeth, 
thus decreases the number of knots to be placed and time 
for suturing. The buccal and lingual flaps can be positioned 
independently. The teeth are employed to anchor the 
flaps. 





Fig. 47.14 Sling suture for a single tooth. 


Disadvantages: In case the knot slips/unties or the 
suture breaks at even a point the entire suture will lose its 
integrity. 


Anchor suture: The anchor suture is a suturing technique 
to close a flap located in an edentulous area mesial or 
distal to a tooth. It is best used in mesial or distal wedge 
procedures. 


Advantages: 


@ This suture closes the facial and lingual flaps and 
adapts them tightly against the tooth 


@ It is thought to provide better periodontal healing 
adjacent to the second molars after third molar 
surgery. 


@ It is used with periodontal regenerative techniques. 
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Lingual Flap (completed) 
Fig. 47.15 Single, interrupted suture 


Fig. 43.17 Continuous independent sling suture 


Closed anchor suture: A direct suture is tied on the 
edentulous area adjacent to a tooth. One of the threads 
is then passed around the tooth and tied. It is similar but 
more secure than anchor suture. 





Buccal Flap (completed) 





Fig. 47.18 Anchor suture 





Lingual Flap (completed) 


Fig. 47.16 Continuous independent sling suture with 
mattress sutures 


DIRECT SUTURE 





Fig. 47.19 Closed anchor suture 


Periosteal suture: They are of two types, holding suture 
and closing sutures. Holding sutures are placed at the 
base of the flap. They help in positioning the displaced flap. 
Closing sutures close the margins of the flap and hold them 
to the periosteum. 





Buccal Flap (completed) Uses: 
¢ To position apically displaced flaps. 
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Advantages: <> It maintains the position of apically repositioned 


e Precise Flap placement flap by preventing its coronal displacement. 


© Better Stabilization. ¢ Splinting: 


<> It acts as a temporary splint of the teeth during 


Disadvantages: a 
the initial post-surgical healing phase. 


+ Technique sensitive. 


@ Root sensitivity: 


<> It covers the neck of the teeth and hence decreases 
post-surgical root sensitivity. 


@ Haemostasis: lt decreases the chances of post-surgical 
CLOSING SUTURES haemorrhage by protecting the wound against physical 
trauma and by acting as a pressure pack. 


Disadvantages: 





HOLDING SUTURES @ Harmful effects of some of the Periodontal pack 
components: 


<> Cytotoxicity: 


Periosteal sutures 









<> Tannic acid: liver damage. 
Fee <> Asbestos: Asbestosis, lung cancer, and 
°S aN aerate | | 
Alveolar — <> Eugenol is cytotoxic at higher concentrations, 
Bre » EPITHELIUM can cause oral mucosal irritation, induce allergic 
¢ e ~ CONNECTIVE TISSUE reactions-reddening of the area and burning pain 
e & 5 PERIOSTEUM in some patients and may cause tissue necrosis. 


¢ Plaque retention: Any addition to the tooth surface 
may lead to an increase in plaque accumulation and 
so does the Periodontal dressing. 


PERIODONTAL PACK ¢ Allergic reaction to some components. 


PERIODONTAL DRESSING (Pack): A protective ¢ NoAntibacterial effects: The periodontal dressings, in 
material applied over the wound created by periodontal general, afford no antibacterial protection. 
surgical procedures.(Glossary of Periodontal Terms, 2001) @ No curative or healing properties. 


Fig. 47.20: Periosteal suture - cross section 


Is,a surgical dressing applied to the necks of teeth and the 
adjacent tissue to cover and protect the surgical wound 


Advantages: 
@ Protection: 
<> It protects the surgical wound from trauma. 
<> It protects the stability of the clot. 
<> Improves the post-surgical patient comfort. 
Stability: 
<> It improves the adaptation of the flap. 
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TYPES OF PERIODONTAL PACK: 


Powder: Pine resin, talc, 
asbestos. 


Ward s Wondrpak Two component system 


Liquid: propyl alcohol, clove oil, 


pine resin, pine oil, peanut oil, 


camphor and colouring agents 
Zinc oxide, resin, zinc acetate, 


Kirkland formula F ; 
eugenol, tannic acid and olive oil 





Fig. 47.21: Eugenol Dressings 
NON EUGENOL DRESSINGS: 


First Paste: zinc oxide, oil, ALE and RESO-PAC Hydrohylic ready for use single paste. 
lorothidol. 


COE-PAK 


Second paste: unsaturated fatty acids One tube: carboxy methyl cellulose, polyvinyl 
thickened with clophony resin and MUCOTECT acetate, ethyl alcohol, vaseline and polyethylene 


Te in. 
chlorothymol. oxide resin 


Colophonium, zinc oxide, zinc acetate, 
VOCOPAC magnesium oxide, fatty acids, natural 
resin, natural oils and colorants-e127. 


Silicon-dioxide crytalline- quartz, hydrophobic 
BARRICAID amorphous fumed silica, urethane dimethacrylate 
cote 


Amyl acetate, dibutyl phthalate, methyl 
SEPTOPACK polymethacrylate, zinc oxide and zinc 
BIOL Eso 


PERIO PUTTY Methylparabens, propylparabens, benzocaine. 


Perflurodecalin, water, glycerin, hydrogenated 
phosphatidylcholine, cetearyl alcohol, polysorbate 
60, tocophery! acetate, benzyl alcohol, 
methylparaben, propylparaben and oxygen. 


irst Paste: Metal oxides in vegetable oil. PERIOGENIX 


PERIOCARE 


oxide nor eugenol 


Second Paste: Gel of rosin suspended in 


fatty oils. 


CYANOACRYLATE DRESSINGS n-Butyl cyanoacrylate. 
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Dessings with neither zinc 
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colophony powder, zinc oxide, tannic 
CROSS PACK acid bentonite and powdered neomycin COLLAGEN DRESSING Bovine Type | collagen. 
sulphate. 


Calcium sulphate, zinc oxide, zinc 
ad Ne sulphate, acrylic type of resin, iron oxide STOMATO ADHESIVE DRESSING Ae 
: and polysio polysiobutylene. 
pigment and glycol solvent. 





Fig. 47.22: Dressings containing zinc-oxide Fig. 47.23: Dressings with neither zinc- 
but without eugenol. oxide nor eugenol. 
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Eugenol works as an obtundant and was hence initially used 
in the periodontal dressings. However due to its ability to 
elicit allergic reaction in some and due to burning taste 
sensation non-eugenol periodontal dressings came into 
being. 

Coe-pak: 


lt is a commonly used non-eugenol periodontal dressing 
materialwhichworkson the basis of a metallic oxide and 
fatty acids reaction. It is available in two paste system. 


@ The two pastes are to be mixed thoroughly using 
a wooden spatula or tongue depressor. On proper 
mixing, an even colour is obtained. It is then rolled 
into pencil shaped strips and applied on the surgical 
area 


@ One tube-Base paste 
< Oil — plasticity. 
<> A gum-for cohesiveness. 
< Lorithidol- a fungicide. 
@ Second tube contains; 
<> Liquid - coconut fatty acids. 
<> Thickening agent-colophony resin (resin). 


<> A bacteriostatic agent-Chlorothymol. 
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Fig. 47.24 PeriGuard-light cure dressing in place 
(courtesy Dr. El-Hassan.) 
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Fig. 47.25: A commercially available periodontal pack 
Retention of the pack; 


@ Periodontal dressings are kept in place by mechanical 
retention.(interlocking) 


@ In case of missing teeth - splints, stents can be used. 


@ Placement of dental floss tied loosely around the 
teeth enhances retention of the pack. 


Antibacterial properties of the pack; 


@ Bacitracin, oxytetracycline (Terramycin), neomycin 
and nitrofurazone have been used but may produce 
hypersensitivity reactions. 


@ Incorporation of tetracycline powder in coe-pakis 
generally recommended. 


Healing after flap surgery 


Healing: “A complex dynamic process that results in the 
restoration of anatomic continuity and function.” (Wound 
Healing Society) 


HEALING: The process of repair or regeneration of 
injured, lost, or surgically treated tissue. (Glossary of 
Periodontal Terms, 2001) 


Wound Healing is a fascinating biologic event essential for 
human survival. It is a physiologic process involving a series 
of sequential overlapping steps. Healing is the restoration 
of the normal structure and function of tissue. The various 
events taking place are divided into following stages 
haemostasis, inflammation, proliferation or granulation 
and remodelling or maturation. In the process of wound 
healing, a variety of biologic mechanisms work together 
in an organized manner. In periodontium wound healing is 
the result of interaction between the cells of the various 
tissues i.e. the gingiva, alveolar bone, periodontal ligament 
and the cementum. 


(is) 
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Types of Wound Healing: Secondary intention healing occurs with large wounds in 


Healing by First intention: Primary union of a wound in which the tissues either cannot be approximated or remain 


which the incised tissue edges are approximated and apart. The healing process in such wounds is extended and 


held until union occurs.(Glossary of Periodontal terms, - der rm by ahs enone o beads Peers oe 
2001) and epithelium required for their closure. The epithelium 


migrates from the margins of the wound towards the centre. 
Primary intention healing occurs after a clean injury e.g. in case of gingivectomy (external bevel gingivectomy). 


e.g. with surgical incision when the wound margins are Healing in majority of periodontal surgical wounds is by 


eriodontal flap surgery. 
: ei Tertiary intention/Delayed primary intention: is usually 


Healing by second intention: Wound closure wherein associated with infected or dehisced surgical wounds. 
the edges remain separated, and the wound heals from 


the base and sides via the formation of granulation 
tissue. (Glossary of Periodontal Terms, 2001) 


STAGES OF WOUND HEALING: 















Proliferation or 
granulation or 
repair 







Remodelling or 


Inflammation : 
maturation 


Haemostasis 





Fig.47.26 Stages of wound healing 


Stage I: Haemostasis: Bleeding occurs immediately at the time of injury. A mean amount of | 34 ml of blood loss with 
a wide range of 16 to 592ml has been reported with periodontal flap surgery. Injury also triggers the clotting cascade and 
haemostasis follows. This stage usually completes with the initial few hours. Once the flap is sutured, blood clot appears 
between the tooth-bone surface and the flap. It forms the provisional matrix or scaffold and is critical for successful 
healing. 


Stage II: Inflammation: 


It is the second stage of healing. Classical signs of inflammation can be noticed i.e. redness, heat, swelling, pain and 
discomfort. The inflammatory is triggered by a number of mediators released from the injured cells and capillaries, 
activated platelets and their cytokines, and the by-products of haemostasis. Neutrophils are the first cell to 
arrive within minutes of injury. They form a layer beneath the blood clot, and this layer is called as Polyband. An 
exudate or a transudate leaks from the injury. 


Stage Ill: Proliferation or granulation or repair: 


Neovascularisation starts by 3 to 4 days. Epithelial cells migrate from the wound margins to the centre of the wound 
at the rate of 0.5mm to |. 0 mm per day beneath the polyband. Junctional epithelium formation is complete by a week 
after surgery. Granulation tissue replaces the blood clot at about one week after the surgery. Fibroblasts migrate and 
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start synthesizing collagen. Immature collagen fibres are 
seen parallel to the tooth surface after 2 weeks of surgery. 
In case of osteoplasty, resorption removes the necrosed 
bone and bone repair completes by 3 to 4 weeks. 


Stage IV: Remodelling or maturation (after 3 
weeks): 


It is the final stage of wound healing. The wound gains 
much of its strength in this phase. This stage takes months 
or years to complete. Extracellular matrix and Collagen 
remodelling is carried out by the fibroblasts. In case of 
osteoplasty, osseous remodelling continues for up to 2 
years, and it decides the final shape of the osseous crest. 


Complications of periodontal surgery: 


Most of the complications are common to any dental 
surgical procedure. 


@ Haemorrhage: A certain amount of blood loss 
happens during periodontal surgical procedure. The 
initial bleeding during the surgery reduces following 
the removal of the granulation tissue. A blood loss 
of more than 500 ml can lead to hypotension. Any 
excessive bleeding should be immediately controlled. 


<> (A hematoma is defined as the collection of 
blood within soft tissues from haemorrhage 
leading to tissue enlargement). Postoperatively, 
direct pressure on the surgical site helps insure 
close adaptation of the mucoperiosteum to bone, 
thereby, reducing the incidence of hematoma 
formation. 


@¢ Syncope: It is also known as_ fainting or 
vasodepressor syncope. It is a sudden, transient loss 
of consciousness. It is the most common medical 
emergency encountered in dental clinic. 


It can be caused by, 


¢ Decreased cerebral function due to impaired 
circulation or altered metabolism 


¢ Psychogenic factors like anxiety and fear 

¢ Non-psychogenic causes like hypoglycaemia, 
position change, heat,etc 

Three stages of syncope include, 

¢ Pre-syncope — _ feeling light-headed, weak, 
nauseated, tingling in fingers and toes. It can be 
avoided if the patient is placed in Trendelenburg 


General consideration in Periodontal Surgery ) 


position. 


¢ Syncope — flaccid muscles, loss of consciousness. 
The client may become pale with weak pulse 
and shallow breathing. Its duration is less than 5 
minutes 


¢ Post-syncope — patient awakens, blood pressure 
and pulse rate returns to normal but may feel 
weak and disoriented. The patient should remain 
in supine position to prevent another episode. 


Management of syncope includes: 


¢ Patient should be placed in supine/ Trendelenburg 
position, and dental treatment should be 
discontinued. 


¢ Assess the patient airway and keep the patient 
warm. 


¢ Usually, the patient regains consciousness in 
5 minutes after an episode of syncope. If not, 
immediate medical follow-up is mandatory. 


Soft tissue shrinkage: Periodontal surgery 
invariably leads to soft tissue shrinkage and at times 
gingival recession. The recession may cause root 
hypersensitivity, aesthetic problems especially in the 
anterior segments and increased incidence of root 
caries. 


Swelling: Within the first 2 post-operative days, 
some patients may have a soft, painless swelling in 
cheek. Some may have lymph node enlargement and 
slightly elevated temperature. This is due to localized 
inflammatory reaction to the procedure. It usually 
subsided by the 4th day. If swelling persists or worsens, 
antibiotics should be initiated. Patient can also apply 
moist heat intermittently over the area. 


Feeling of weakness: The patient has a washed-out, 
weakened feeling for about 24 hours after surgery. It 
could be a systemic reaction to transient bacteremia 
induced by the procedure. It can be prevented by 
premedication with amoxicillin every 8 hours atleast 
24 hours before the procedure and continuing it for 
5 days postoperatively. 
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Fig 47-27: Possible complications of conventional periodontal surgery 


Review Questions: 


Essay questions: 
|. A patient has undergone a periodontal flap 
procedure. Explain the instructions to patients that 
you will give after periodontal surgery. 


2. Describe in detail the suturing techniques used in 
periodontal surgeries. 


3. Describe the wound healing after flap surgery. 
Short notes: 


4. Write briefly about the dental surgical procedures in 
patients undergoing anticoagulation therapy? 


5. Write briefly about the possible complications of 
periodontal surgery. 


6. Classify Periodontal packs.Write in detail about non- 
eugenol periodontal packs. 


Principal Sources and Suggested Further 
Reading: 
@ Baab DA, Ammons WF Jr, Selipsky H. Blood loss 


during periodontal flap surgery. | Periodontol. 1977; 
48:693-698. 


@ Behrens AM, Sikorski MJ, Kofinas P. 2013. Hemostatic 
strategies for traumatic and surgical bleeding.] Biomed 
Mater Res Part A 2013 


Beirne OR. Evidence to continue oral anticoagulant 
therapy for ambulatory oral surgery. } Oral Maxillofac 
Surg 2005; 63(4):540-5. 


Chambrone L, Faggion CM Jr, Pannuti CM, Chambrone 
LA. Evidence-based periodontal plastic surgery: an 
assessment of quality of systematic reviews in the 
treatment of recession-type defects. ] ClinPeriodontol 
2010; doi: 10.1 1 1 1/j.1600-05 1 X.2010.01634.x. 


Darby ML. Mosby’s Comprehensive Review of Dental 
Hygiene. Seventh edition. 2012. Elsevier. Missouri. 


de Oliveira Bernades K, Hilgert LA, Ribeiro AP Garcia 
FC, Pereira PN. The influence of hemostatic agents 
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systematic review. |} Am Dent Assoc. 2014 Nov; 145 
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Fouad A. Al-Belasy, Maged Z. Amer. Hemostatic 
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Surgery. J Oral MaxillofacSurg 61:1405-1409, 2003. 
doi: 10.101 6/j.joms.2002. 12.001 


Gaspar R, Brenner B, Ardekian L, et al: Use of 
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bleeding in oral surgery patients on oral anticoagulant 
medication. Quintessence Int 28:375, 1997 
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and dental implant surgery: an evidence-based review. 
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Chapter Outline: 


¢ Incision. 

¢ Preconditions for selection of the appropriate 
incision technique. 

¢ Incisions used in Periodontics 


INCISION: A cut or surgical wound made by a knife, electrosurgical scalpel, laser, or other such instrument. (Glossary 
of Periodontal terms,2001) 


Preconditions for selection of the appropriate incision technique: 


Precise knowledge of Y= el areal a 
the osseous adequate blood 
topography, supply to the flap, 


Adequate overview 
of the surgical site 









Possibility of 


Maximum pr ion Tyee 
SATIN PURSES adapting the incision eile a lose oly 


of adjacent anatomic [mes 
structures 


in the event of | underlying bone. 
unforeseen findings 
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@ Crescent incision: A paramarginal internal bevel 


i e ‘ wn incision (IBI), which is used in cases of crown 
ee ae lengthening, restricted to the buccal crown 
5 2 = un surface and does  not_ involve _ the 
a= 8 interdental gingiva. 
a @ Crestal incision: An incision directed towards 
a 3 the crest of the alveolar process. 
ca rs a @ Extra sulcular incision: An _ incision placed 
a o25 nae ny Place 
=a ct between the gingival margin and 
as ac — the mucogingival junction, dictated by th 
gingival junction, dictate y the 
00 S depth of the pocket, width of the attached 
= 5 = wi gingiva and the volume of the gingiva. 
= fe 3 2 “ @ Marginal incision: An |BI that is made on the top 
=> & SA of the gingival margin. It is difficult to perform in 
thin gingival biotypes. 
a 9 — @ Parapapillary incision: An incision that is taken 
Fe re & O not into the interdental space but past it to 
3 = oreo the next tooth (line angle to line angle) and thus 
cc” SAR completely retaining the interdental gingiva. 
@ Paramarginal incision: A scalloped IBI placed at a 
- distance from the gingival margin creates an 
= 5 apposition of healthy gingival tissue to the teeth 
ae and a new interdental papilla. Used in flap 
i on procedures for pocket reduction and crown 
Soc lengthening. It is contraindicated in cases of 
a inadequate keratinized gingiva and when 
< = e aesthetics is critical. 
RC N y ¢ Sub marginal incision: IBI placed towards the 
a fe 7s - bony crest away from the gingival margin. 
S aw =] @ Interdental incision:The third incision in flap 
5 Or. Ow procedures, is used to dislodge the 
c 2 a” rE = triangular tissue created by the IBI and sulcular 
ie ive incision. The incision is submarginal and _ is 
3 AE = ¢ 2 eet fe placed by the interdental knife. 
Ca; a Y & Y 2 Y g & og ¢ The papilla base incision consisted of a 
= aa 5 o cone 8 b vg 2 5 _ E s ie 3 shallow first incision at the base of the papilla 
. S > >5 a 2 0 VO o ¥ oa E Ulu a and a second incision directed to the crestal 
Mero, & Lat PF = = 3s o © po as so . bone, creating a split thickness flap in the area 
meso gS sve ge SP gseMEErTES of the papilla base. 
mol fLsnaoavuwoclfoavYOas 
z @ Semilunar incision: A crest shaped incision used 
2 3 = = in periodontal plastic surgery to  coronally 
& 8 ae displace the flap. 
As = Y 
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Chapter Outline: 


¢ Definition and Terminology 
¢ Curettage 
— Rationale 
— Indications 
— Contraindications 
— Procedure 
¢ Excisional New Attachment Procedure (ENAP) 
e Ultrasonic curettage 


Definition and Terminology: 


Periodontal curet: An instrument used for debridement 
(curettement) of tooth roots, periodontal pockets, and 
bone.(Glossary of Periodontal terms, 2001) 


Curettage: Scraping or cleaning the walls of a cavity or 
surface by means of a curet. (Glossary of Periodontal 
terms, 2001) 


Apical (Periapical) curettage: Surgical removal of 
tissue or foreign material surrounding the apex of a tooth. 
(Glossary of Periodontal terms, 2001) 


Closed curettage: Performed via the gingival crevice 
without flap reflection.(Glossary of Periodontal terms, 
2001) 


Gingival curettage: The process of debriding the soft 
tissue wall of a periodontal pocket.(Glossary of 
Periodontal terms, 2001) 


Open curettage: Facilitated by reflection of a soft tissue 
flap.(Glossary of Periodontal terms, 2001) 
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¢ Caustic drugs 
¢ Healing after scaling and curettage 
¢ Clinical appearance after curettage 
e Review Questions 
— Essay questions 
— Short notes 
¢ Principal Sources and Suggested Further Reading 


Root curettage: Scraping or cleaning the walls of a 
surface by means of a curet. (Glossary of Periodontal 
terms, 2001) comprises of the removal of the inflamed 
soft tissue lateral to the pocket wall. 


Periodontal debridement (scaling and root planing) is the 
thorough mechanical removal of biofilm and calculus from 
periodontally diseased root surfaces. 


Debridement: The removal of inflamed, devitalized, or 
contaminated tissue or foreign material from or adjacent 
to a lesion. (Glossary of Periodontal Terms, 2001) 


Curettage: “The scraping of the gingival wall of a 
periodontal pocket to separate diseased soft tissue.” 


It is one of the simple procedures in periodontal therapy. 
It is never performed independently as a sole procedure 
without scaling and root planing. 


Subgingival curettage refers to the procedure that is 
performed apical to the epithelial attachment, severing the 
connective tissue attachment down to the osseous crest. 
Inadvertent curettage is the degree of curettage done 
unintentionally when scaling and root planing are 


performed. 
VY 


(Non-Surgical Methodology 


Closed curettage- conservative therapy; curettage 
carried out without reflecting gingiva. 


Open curettage - surgical therapy; curettage 
performed following an incision and reflecting gingiva. 
It is flap procedure. 


Curettage 


Rationale 


@ Elimination of the ulcerative gingival / pocket 
epithelium. 


@ Elimination of inflamed granulation tissue. 


@ It helps in new attachment. 


Indications: 


@ As part of new attachment in moderately deep 
intrabony pockets. 


¢ As a_ non-definitive 
inflammation. 


procedure to reduce 


¢ Onrecall visits,as a method of maintenance treatment 
for areas of recurrent inflammation and pocket 
depth. 


Curettes 


Scalpel 


Sodium sulphide, phenol, 
camphor, and sodium 


Chemicals 


Ultasonic instruments 


Curettage 


Rotary instruments 


Itis routinely used for 


subgingival instrumentation: 
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Contraindications: 


As curettage leads to rapid shrinkage of the gingival tissue, 
it is to be avoided in anterior maxillary teeth where 
aesthetics is of importance. 


Procedure: 


|. Scaling and root planing to eliminate plaque and 
calculus — the cause of inflammation (as curettage 
does not eliminate the cause of inflammation). 


2. Administration of Local anaesthesia. 


3. The cutting edge of the curette is placed against the 
tissue. 


Horizontal stroke is used. 


5. In subgingival curettage, the tissue attached to the 
bottom of the pocket and the alveolar crest is 
removed with scooping motion of the curette to the 
tooth surface. 


6. The area is cleaned of debris. 
7. Suture if needed. 


8. Periodontal pack is placed if necessary. 


Scaling, Root planing and 
Curettage. 


ENAP Easier and faster to carry over. 





Is of archaic significance. Its 


not practised any more. 
hypochlorite. 


Microcauterization 


Flushes the debris. 


Lesser treatment time and 
patient discomfort. 


Laser-ENAP 


Require additional equipment 
and safety procedures, may 
damage the root surface. 


Itis lesser time consuming. 
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Excision: A cutting out; removal;the process of amputating 
or cutting away any portion of the body. (Glossary of 
Periodontal Terms, 2001) 


Excisional New Attachment Procedure (ENAP): 


ENAP had been developed and used by the U.S Naval 
dental corps. It was first described in 1976 as “‘a definitive 
subgingival curettage performed with a knife.” 


Procedure: 
|. Administer local anaesthesia. 


2. Place an internal bevel incision from margin of the 
free gingiva, apically to a point below the bottom of 
the pocket. 


3. Carry the incision inter-proximally on both the facial 
and the lingual side, attempting to retain as much 
interproximal tissue as possible. 


4. Remove the excised tissue and perform root 
planing. 


5. Approximate the wound edges. 
6. Place suture and a periodontal dressing. 


Comparison between Gingival curettage to the ENAP 
found no significant differences in probing depth reduction 
or gains in attachment. 


Ultrasonic curettage; 


It is effective in debriding the epithelial lining of periodontal 
pockets. It results in a narrow band of necrotic tissue 
(micro-cauterization) which strips off the inner lining of 
the pocket. The Morse scaler-shaped and rod-shaped 
instruments are used for this purpose. 


Caustic drugs: 


Sodium sulphide, phenol, camphor, and sodium hypochlorite 
(anti-formin) were used earlier to induce chemical curettage. 
The extent of tissue destruction cannot be controlled with 
caustic agents hence they are not used anymore. 


Healing after scaling and curettage; 


|. Immediately after curettage blood clot forms. 
2. Capillaries get dilated. 


3. PMNs appear at the surface of the wound. 
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4. Rapid proliferation of Granulation tissue. 


5. Restoration and epithelisation of sulcus require 2 to 
7 days. 


6. Restoration of junctional 
within 5 days in animals. 


epithelium completes 


7. \mmature collagen fibers appear within 21 days. 


8. Long junctional epithelium with or without windows 
of connective tissue. 


Clinical appearance after curettage; 
|. Immediately after curettage gingival appears bright 
red and hemorrhagic. 
2. After | week- slight red and apical shift in position. 


3. After 2 weeks; proper colour and contour is regained 
and the gingival margin is well adapted to the tooth. 


Gingival curettage provides no additional benefits when 
compared to Scaling and Root planing. Hence is currently 
considered “a procedure with no clinical value”. 


Review Questions: 


Essay questions: 


|. What is curettage? Write the _ indications, 
contraindications and the procedure of gingival 
curettage. 


Short notes: 


2. Explain the Excisional new attachment procedure 
(ENAP). 


Principal Sources and Suggested Further 
Reading: 


@ American Academy of Periodontology, Statement 
Regarding Use of Dental Lasers for Excisional New 
Attachment Procedure (ENAP), 1999 


@ Brady WF. Periodontal and restorative considerations 
in rotary gingival curettage. The Journal of the 
American Dental Association August I, 1982 vol. 105 
no. 2: 231-236. 


@ Forgas LB, Gound S. The effects of antiformin-citric 
acid chemical curettage on the microbial flora of 
the periodontal pocket. J Periodontol. 1987 Mar; 
58(3):153-8. 
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@ Gregg RH,McCarthy DK.Laser ENAP for periodontal ¢ Vieira EM, O’Leary TJ, Kafrawy AH. The Effect of 


bone regeneration. Dent Today 1998;17 (5):88-91. 


@ Jiang L, LiangjiaB, LiVW, YugiS, WeiM, Steve], Densen C. 


Gingival curettage study comparing a laser treatment 
to hand instruments. Lasers in Medical Science 
,Volume 26, Issue | ,pp 7-I 1 . 


Kalkwarf K. Tissue attachment. In: Proceedings of the 


world workshop in Clinical Periodontics. Chicago: 


American Academy of Periodontology; |989:V1-V1I9. 


Newman, Takei, Fermin A Carranza. Clinical 
Periodontology, 9thedn, WB Saunders Co, 2002. 


The American Academy of Periodontology Statement 
Regarding Gingival curettage. |] Periodontol. October 
2002. 1229-1230 


Sodium Hypochlorite and Citric Acid Solutions 
on Healing of Periodontal Pockets. Journal of 
Periodontology February 1982, Vol. 53, No. 2, Pages 
71-80, (doi: 10.1902/jop.1982.53.2.71) 


@ Yukna RA, Bowers GM, Lawrence JJ, Fedi PF Jr. A 


clinical study of healing in humans following the 
excisional new attachment procedure. | Periodontol 
1976;47:696-700. 
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Chapter Outline: 


¢ Definitions and Terminology ¢ Gingivoplasty 
¢ Gingivectomy — Instruments 
— Instruments required — Steps to be carried out in gingivoplasty 
— Procedure ¢ Review Questions 
— Healing after surgical gingivectomy — Essay Questions 
¢ Ledge and wedge gingivectomy — Short notes 
¢ Internal Bevel Gingivectomy (Periodontal Flap) ¢ Principal sources and suggested further reading 


¢ Other Gingivectomy procedures 


Definitions And Terminology: 
Gingivectomy: The excision of a portion of the gingiva; usually performed to reduce the soft tissue wall of a periodontal 
pocket. - (Glossary of periodontal terms, 2001) 


@ External bevel gingivectomy: Gingivectomy procedure is referred to as external bevel gingivectomy as it is carried 
out with an external bevel incision. 


@ Internal bevel gingivectomy: It is a flap procedure carried with internal bevel incision. 


@ Unembellished gingivectomy:An external bevel gingivectomy performed using a Kirkland knife with no additional 
procedure. 


Gingivoplasty: A surgical reshaping of the gingiva. (Glossary of periodontal terms, 2001 )-to create physiologic gingival 
contours, with the sole purpose of recontouring the gingiva in the absence of pockets. 
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Gingivectomy (External Most commonly performed 
Bevel Gingivectomy) ; 


Internal Bevel Gingivectomy Performed when access for 


SURGICAL GINGIVECTOMY (Flap Procedure) osseous surgery is required. 


Performed in case of large 
fibrous gingival 
enlargements. 


Ledge and Wedge 
Procedures 


GINGIVECTOMY Electrosurgery- Additional equipment are 
Gingivectomy required. 


Needs expensive 
Laser Gingivectomy instruments and additional 
safety measures. 


Chemosurgery- 


Gingivectonnt? Currently notin use. 


Fig 49-1: Gingivectomy 


Gingivectomy: 


Gingivectomy is commonly performed with an external bevel incision. lt was described by Goldman in 1951. 


Table 49.1: Gingivectomy 


Gingival soft tissue |. Gingival enlargements |. Inflamed and painful gingiva. 
2. Gingival pockets. 2. Muco-gingival problems: Base of the pocket 
3. Gingival abscess/Periodontal abscess. apical to mucogingival junction/Inadequate 


keratinized gingiva/ Inadequate attached 
gingiva/Shallow vestibule. 


Alveolar bone 4. When osseous surgery is not neces- Osseous defects: Bony defects-intra bony 
sary: No bony defect/deformity. pockets, ledges, exostosis. 


Table 49.2: Gingivectomy 





e Simple and easy to carry over. e Leaves raw area- Heals by secondary intention- Post-operative 
e Consumes lesser time than the Internal discomfort and increased chances of post-operative bleeding. 
bevel gingivectomy (flap procedure) e Loss of keratinized gingiva- may be aesthetically unacceptable. 


e Does not permit access to the underlying alveolar bone - cannot 
be carried out when bony defects are present. 
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Instruments required: 

@ Diagnostic instruments: Mouth mirror, periodontal 
probe. 

@ Periodontal pocket markers 

@ Bard-Parker blade with blade holders. 

@ Periodontal Knives, scissors, and nippers: 
< Kirkland gingivectomy knife. 
<> Orban’s interdental knife. 
<> Goldman fox periodontal scissors. 
<> Goldman fox nippers. 

¢ Gingivoplasty diamond burs. 

@ Curettes. 


Procedure: 


|. Marking the pockets: either with periodontal 
pocket marker or with periodontal probe. Each 
pocket at several areas to outline the course on the 
surface. 


2. External bevel incision: 


¢ The incision is started apical to the points marked 
and is directed coronally to a point between the 
base of the pocket and the crest of the bone. 


¢ The incision should be bevelled approximately 
45 degrees to the tooth surface and is primarily 
directed coronally. 


¢ Clinically the angulation of the external bevel 
incision is dictated by the volume of the keratinized 
gingiva, the volume of crest of the alveolar bone 
and the position of the base of the pocket. 


¢ The incision can be continuous or discontinuous. 
¢ Recreation of normal festooning is mandatory. 
Remove the excised pocket wall. 


4. Remove granulation and clean the root 
surface. 


5. Periodontal pack if necessary. 
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Gingivectomy and Gingivoplasty 
Healing after surgical gingivectomy; 


|. Initial response after gingivectomy is the 
formation of a protective surface clot. The clot is 
then replaced by granulation tissue. 


12-24 hours; epithelial cells at the margin of 
the wound start to migrate over the granulation 
tissue. 


3. 24 hours; Angiogenesis. 


35-48 hours; the epithelial cells resulting, from the 
cellular replication begin to migrate across the cut 
connective tissue surface under the fibrin clot to 
cover to cover the wound. These cells migrate at a 
rate of approximately 0.5 mm per day until the 
wound surface is covered. 


5. Third day; numerous young fibroblasts are seen. 


7. 2 weeks, 


7-14 days surface epithelisation is complete. 


the newly formed vessels are 


connected with gingival vessels. 
By |4 days, tissue assumes a normal clinical form. 


Upto 4 weeks, keratinization is less than it 
was before surgery. 


Complete epithelial repair takes about one 
month. 


Complete repair of the connective tissue 
takes about 7 weeks. 


Time period between 2-5 weeks are critical for 
wound healing after gingivectomy and hence 
meticulous oral hygiene is to be maintained during 
the period. 


Remodelling of the tissues continue 


for approximately 3 months. 


may 


Gingival crevicular flow; the flow of gingival 
fluid in humans is_ initially increased after 
gingivectomy and diminished as healing progress. 
Maximal flow is reached after | week, coinciding 
with the time of maximal inflammation. 
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Ledge and wedge gingivectomy: 


Table 49.3: Ledge and wedge gingivectomy technique (Ochsenbein, | 965) 
PF Technique-! Technique-2 
Indication It is done in cases of excessive gingival enlargement especially when the tissue is fibrous. 


First incision Facial and lingual incisions perpendicular (90 degrees) to the gingiva striking the base of the 
soft tissue pockets. 


Secondary incision External bevel incision. Inverse/internal bevel incision. 


Scaling and root planing 


Healing Healing by secondary intention The flap is replaced and sutured. Healing occurs 


by primary intention. 


Internal Bevel Gingivectomy (Periodontal Flap): 


It is a periodontal flap procedure.A partial thickness flap is elevated, and the underlying fibrous tissue and the pocket 
epithelium is eliminated. Scaling, Root planing, and osseous surgery is performed when required. 


Other Gingivectomy procedures: 


Gingivectomy-Laser 
Gingivectomy- (Light Amplification by Gingivectomy- 


Electrosurgery Stimulated Emission of Chemosurgery 
Radiation) gingivectomy 





Indications |. Removal of gingival enlargements. The procedure is not carried 
2. Gingivoplasty. anymore. It remains just of 
3. Relocation of frenum and muscle attachment. historical significance. 
4. Incision of Periodontal abscess. 
5. Pericoronal flap. 

Contra- Non-compatible or poorly 


indications — shielded cardiac pacemaker. 
Advantages @ Adequate contouring of the e Controls haemorrhage-dry- 


tissue. surgical field leading to better 
e Controls haemorrhage-Least visualization.-Least bleeding. 
bleeding. e Reduced operating time. 
e Speed of incision and exci- e Curvatures and folds within 
sion is fastest with electro- tissue contours are negotiated 
easily. 


surgery and with scalpel use. athe 
oon P Tissue surface sterilization 


with a resultant reduction in 
bacteraemia. 

e Decreased swelling, oedema, 
and scarring. 

e Decreased pain; faster healing 
response. 

e Increased patient acceptance. 
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Gingivectomy and Gingivoplasty 





Gingivectomy-Laser 


Gingivectomy- 


Electrosurgery 


(Light Amplification by 
Stimulated Emission of 


Gingivectomy- 
Chemosurgery 





Radiation) gingivectomy 


Dis- ® 
advantages e 


Unpleasant odour. e 

Possible heat damage. (Needs 

more precision; if it touches 

the bone irreversible damage 

may occur; bone necrosis, 

Cemental burn. 

e Increased time required for 
instrumentation. 

e Delayed wound healing. 


Requires additional equipment e 
and adequate staff training. 
Inappropriate wavelength © 
or power levels can damage 
periodontal tissue. 


The depth of action cannot 
be controlled. 

Poor accuracy in reshaping 
of gingival tissues-Gingivo- 
plasty cannot be performed. 
e Delayed wound healing. 


Procedure Electrodes of different shapes Carbon dioxide (CO,) (10,600- = Paraformaldehyde or potassium 
are used similar to conventional nm Wavelength) and Neodymium: hydroxide were used to per- 
blades. Yttrium-Aluminium-Garnet form the procedure. 

(Nd:YAG) (1,064-nm wavelength) 
are used. 

Healing e ls similar to surgery with e Lesser post-operative swell- Delayed wound healing. 

knife when used superficially. ing and discomfort have been 
e When used close to bone, reported. 

it can produce gingival re- e Heals similar to the surgical 

cession, bone necrosis and procedure. 

sequestration, loss of bone e Most of the dental lasers have 

height, furcation exposure, a detrimental effect on bone 


and tooth mobility. 
Exposure of bone to heating 


and should be used with cau- 
tion in areas where there can 


at levels 247°C is reported 
to induce cellular damage 
leading to osseous resorp- 
tion, and temperature levels 
of 260°C result in tissue 
necrosis. 


Gingivoplasty: 


Henry Goldman is attributed for giving the rationale of 
gingivoplasty i.e., to recreate the physiological form of 
gingiva. 


Gingival deformities are usually produced by gingival 
and periodontal disease. These deformities interfere 
with movement of food within the oral cavity, leading 
to accumulation of food debris, increase in plaque and 
aggravating the existing periodontal disease. 
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be possible bone exposure. 


Such deformities include, 


@ Gingival clefts — caused by periodontal disease, 
improper flossing 


@ Gingival craters — caused by periodontal disease. 
(Craters with underlying bone defects cannot be 
treated with gingivoplasty) 


@ Necrotizing diseases like ANUG _ producing 
punched-out interdental papillae 


@ Gingival enlargements due to various causes. 


Cy 
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Instruments: 
@ Periodontal knife 
@ Scalpel 
@ Rotary coarse diamond stones 
@ Electrodes. 
@ LASERS could also be used. 
Table 49.4: Steps to be carried out in gingivoplasty: 


Gingival margin —_ Scalloped, thin and taper the gingival 


margins. 


Attached gingiva Vertical interdental grooving and 


thinning of the attached gingiva. 


Interdental papilla Reshaping to a conical shape. 


Review Questions: 


Essay Questions: 


|. Define gingivectomy. Enumerate the different 
gingivectomy procedures. Discuss the indications, 
contraindications and a procedure for gingivectomy. 


Short notes: 
2. Write a note on Internal bevel gingivectomy. 
3. What is ledge and wedge gingivectomy? 


4. Write a note on healing after gingivectomy. 
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Principal sources and suggested further 
reading: 


¢ Charles M. Cobb. Lasers in Periodontics:A Review of 
the Literature. J Periodontol, April 2006, 545-564 


@ EnglerWO,RamfjordSPetal.Healingfollowingsimple 
gingivectomy. A tritiated thymidineradiographic 
study. |. Epithelialization. J Periodontol 1966; 
37:298—308. 


@ Karimbux N. Clinical cases _ in 
Chichester: Wiley-Blackwell; 2012. 


@ Liboon J, Funkhouser W, Terris DJ.A comparison 
of mucosal incisions made by scalpel, CO2 laser, 
electrocautery, and constant-voltage electrocautery. 
Otolaryngol Head Neck Surg. 1997;1 16(3):379-85. 


@ Lindhe.J. Clinical Periodontology and_ Implant 
Dentistry, 4th edn., Blackwell Munksgaard Publication, 
2003. 


@ Listgarten M. Ultrastructure of the dento-gingival 
junction after gingivectomy. | Periodontal Res!972; 
7:15 1-160. 


@ Newman, Takei, Fermin A Carranza. Clinical 
Periodontology, 9th edn, WB Saunders Co, 2002. 


@ Ramfjord SP Engler SP et al. A radiographic study 
of healing following simple gingivectomy. Il. The 
connective tissue. J] Peridontol 1966; 37:1 79-189. 


@ Rose FL, Mealey BL, Genco RJ, Cohen DW, 
Periodontics: Medicine, Surgery, and _ Implants, 
Mosby,|Inc. 2004. 


@ Stahl SS,Witkin G, et al. Gingival healing II. Clinical and 
histologic repair sequences following gingivectomy. 
J Periodontol 1968; 39:109-1 18. 


@ Vandersall DC. Concise Encyclopedia of 
Periodontology 2007 Blackwell Munksgaard 
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Chapter Outline: 


¢ Indications. ¢ Elevation of the flap 
¢ Contraindications ¢ Review questions. 
¢ Advantages. ¢ Principal sources and suggested further reading. 


¢ Disadvantages. 
¢ Classification of Periodontal flap. 
¢ Basic rules for proper designing of the flap. 


FLAP: A loosened section of tissue separated from b. Complex root anatomy and anomalies. 


the surrounding tissues except at its base. (Glossary of 
Periodontal Terms, 2001) 
3. For periodontal regeneration procedures: 
staal a. For placement of bone grafting, guided tissue 
RATIONALE OF regeneration barrier membranes and growth 
PERIODONTAL FLAP factors. 
Visibility. b. For removal of non-resorbable guided tissue 
regeneration membrane. 


Fig 50.1: Rationale of periodontal flap 


c. In presence of impacted tooth, other pathologies. 





. : c. For evaluation of the regeneration. 
Indications: 


4. For Oral plastic surgeries: 


|. For Periodontal pockets: a. To correct mucogingival defects. 


a. lo eliminate,/reduce pocket depth. 5. For dental implants: 


b. To remove the pocket lining and granulation 


a. Placement of dental implants. 
tissue. 


b. Treatment of Peri implantitis. 
c. Periodontal debridement. P 


c. Treatment of Peri-implant soft tissue defects and 


2. To treat complex dental anomalies, complexities, and ; 
for correction of aesthetics. 


furcal involvement: 


a. Furcation involvement. 
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Fullthickness (mucoperiosteal) flap 


Periodonta | Based on bone exposure 


after reflection 
F | 2 Partial thickness (mucosal) flap/half- 
p thickness/split-thickne ss flap 
Undisplace d/non displaced / repositioned 
Based on the flap feculaced fac 


placement after surgery 
Displaced flaps/ positioned/sliding flap 


Conventional flap. 


Based on the 
management of the 
papilla 


Papilla preservation flap. 


Based on the extent of Gingival flap. 


the tissues involved 
Muco gingival flap 


Flaps without vertical incisions: Envelope flap. 


Based on the use of 
vertical incisions: 


Semilunar coronally repositioned flap. 


Flaps with vertical incisions 


Based on the shape of Pee 


the flap: 


Triangular flap 
Trapezoidal flap 
Rectangular flap 


Based on the nutrient Peer. 


supply 


Contraindications Relative contraindications 


¢ Administration of corticosteroids (Addision's 


¢ Uncontrolled or progressive systemic diseases. 
prog y disease or those with adrenal dysfunction) 


Eg. Uncontrolled Diabetes mellitus . 
¢ Anginas pectoris. 
¢ Uncooperative patients: Patients with poor oral 


hygiene, who do not exhibit good plaque control and 
non-compliant patients. 


¢ Anticoagulant therapy. 
¢ Blood disorders eg Leukemia. 
Epilepsy. 
¢ Myocardial infarction: Patient who had recent 


myocardial infarction should not be subjected to 
periodontal surgery until cardiac rehabilitation. 


¢ Neurological disorders 
¢ Organ transplants. 


¢ Smoking 
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Advantages: 


The flap procedures have the following advantages 


4 


Better access and visibility for instrumentation than 
any other available options such as closed curettage/ 
root planing and (external bevel) gingivectomy 
procedures. 


Existing gingiva is preserved and is not sacrificed as in 
case of (external bevel) gingivectomy procedure. 


Pocket epithelium is removed with internal bevel 
incision. 
Flaps can be repositioned hence providing an option 


for the operator to decide the final position of the 
gingival margin as required. 


Flap procedures are a necessity while carrying out 
regenerative procedures such as bone grafting, guided 
tissue regeneration,etc. 


No deepithelized/open wound after the procedure 
hence lesser postoperative discomfort for the 
patient. 


Disadvantages: 


4 


4 


Some amount of shrinkage is inadvertent after any 
surgical procedure. 


Long, sensitive teeth giving discomfort and unaesthetic 
appearance after apically displaced flap procedure. 


Uses: 


Periodontal flap is carried out in the following surgical 
interventions 


4 
4 


¢--eth—Uh 1H OH OH 6M 


Surgical curettage and root planing. 


Periodontal regenerative procedures e.g.bone grafting 
procedures, guided tissue regeneration, etc. 


Osseous resective procedures. Eg in case of Tori, 
ledges,etc. 


Ridge augmentation procedures. 
Pre-prosthetic procedures. 

Oral/Periodontal plastic surgical procedures. 
Dental implant placement. 

Sinus-lift procedures. 


Nerve repositioning procedures. 
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CLASSIFICATIONS: 


Periodontal flaps can be classified based on the 
following: 


A. Based on Bone exposure after reflection: 


|. Full thickness (mucoperiosteal) flap: A mucosal 
flap (usually gingiva and alveolar mucosa) that 
includes the periosteum. (Glossary of Periodontal 
terms, 2001) Blunt dissection is used to elevate 
this flap. lt exposes the surface of the underlying 
alveolar bone. It is used in cases of resective 
osseous surgery esp tori, ledges, bone defects,etc. 
lt was earlier referred to as “flap procedure for 
debridement”. 


2. Partial thickness (mucosal) flap/half-thickness/ 


split-thickness flap: A surgical flap of mucosa 
and connective tissue that does not include the 
periosteum.(Glossary of Periodontal Terms, 
2001) The partial thickness flap includes only 
the epithelium and a layer of the underlying 
connective tissue excluding the periosteum. 
Periosteum remains covering the alveolar bone. 
Sharp dissection is used to elevate this flap. It is 
difficult to be carried out in case of thin gingival 
biotypes, and the procedure is technically sensitive. 
This procedure leads to lesser post-surgical bone 
loss and hence it is considered protective to the 
underlying alveolar bone. 

The partial thickness flap is used in situations 

as follows 

a. Apically displaced flap. 

b. Dehiscence and fenestrations. 

c. Palatal flaps to reduce their bulk. 


3. Combination technique: Where the coronal 


portion is a full thickness flap then a partial 
thickness flap is dissected apically. 


B. Based on the flap placement /position after 
surgery: 


|. Undisplaced/Non-displaced / Repositioned / 
replaced flap:A flap replaced in its original position 
it had before surgery. E.g.: Palatal Flap. It cannot 
be displaced due to the architecture of palatal 
mucosa. 


REPLACED Flap: A flap replaced in its 
original position. 


Y 
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2. Displaced flaps/ Positioned/sliding flap: A surgical 
flap that is moved or advanced laterally, coronally, 
or apically to a new position and not placed back 
to its original position. Displaced flaps can either 
be full thickness as well as partial thickness flaps. 


POSITIONED Flap: A surgical flap that is 
moved or advanced laterally, coronally, 
or apically to a new position.(Glossary of 
Periodontal terms, 2001) 


SLIDING Flap: A pedicle flap moved to a new 
position.(Glossary of Periodontal Terms, 2001) 


C. Based on the management of the papilla: 


|. Conventional flap: When the Interdental papilla 
is incised and split beneath the contact point the 
flap is considered as conventional flap. It can 
be done in presence of close contacts/narrow 
interdental spaces and when the flap is to be 
displaced. Modified Widman flap, the undisplaced 
flap, the apically displaced flap are all conventional 
flaps. 


2. Papilla Preservation flap: It includes the intact 
interdental papilla in one of the flaps i.e. the Facial 
or the lingual flap. Papilla preservation flaps are 
used commonly with regenerative procedures, 
but recent studies suggest their association with 
better clinical outcomes even with conservative 
non-regenerative surgeries. They cover the 
regenerative materials better and even otherwise 
leave no craters post surgically. 


D. Based on the extent of the tissues involved: 


|. Gingival Flap: A flap that does not extend 
apical to the mucogingival junction. (Glossary of 
Periodontal terms,2001) 


2. Mucogingival Flap: A _ flap that includes 
both gingiva and alveolar mucosa. (Glossary of 
Periodontal Terms, 2001) 

E. Based on the use of vertical incisions: 

|. Envelope Flap: A flap retracted from a 
horizontal linear incision, as along the free 
gingival margin, with no vertical incision is 
an envelope flap. (Glossary of Periodontal Terms, 
2001) It cannot be moved to a new position. 
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2. Semilunar coronally repositioned flap: A 
pedicle flap with a semilunar incision and no 
vertical incisions. 


3. All other flap types that use vertical 
incision/s. A flap with vertical incisions permits 
final displacement to a different position hence is 
also referred to as relaxed flap. 


D. Based on the shape of the flap: 
|. Envelope flap: refer above. 


2. Triangular flap: A flap design with one vertical 
releasing incision included. 


3. Trapezoidal flap: A flap with two vertical 
releasing incisions. 


4. Rectangular flap: A flap with two vertical 
releasing incisions. 


DI. Based on the nutrient supply: 


|. Pedicle flap: A surgical flap with lateral 
releasing incisions. (Glossary of Periodontal 
Terms, 2001). It retains the blood supply and 
hence heals better. Various types of pedicle flaps 
are of common use in periodontal plastic surgery. 


i. Advanced flap: Reaches its final position 
without rotation or lateral movement. It is 
shifted in a single vector. 

ii. Apically positioned flap: The flap is 
positioned apically in its final placement. Used 
as a pocket reduction surgery and to augment 
the width of attached gingiva. 


|. The flap cannot displaced in case of the 
palate hence it cannot’ be apically 
positioned. The palatal flap is instead 
thinned with a bevelled incision to help in 
its adaptation to the alveolar crest. It is 
referred to as bevelled flap. 

iii; Coronally positioned flap: Advanced 
coronally in its final placement. 

iv. Double papilla repositioned flap. Two 
adjacent papillae are shifted to cover the 
recession. 

v. Laterally positioned flap: The flap is placed 
laterally in its final position to cover recession. 

vi. Rotational flap: The flap that is rotated in its 
final position around a pivot point. 
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vii. Semilunar coronally repositioned flap: A 
pedicle flap with a semilunar incision and no 
vertical incisions. 


The Periodontal Flap 


viii. Transpositional flap: A laterally positioned 
flap with the vertical incisions extending more 
apically. This increases the ease in its final lateral 
positioning. 


Tab 50.2: Basic rules for proper designing of the periodontal flap 


BASIC 
RULES FOR 
PROPER 
DESIGNING 
OF THE 
FLAP 


osseous defects. 


Main objective in flap design is to achieve the set goals of the 
procedure and healing by primary intention. 


Incision line should not be on the radicular prominence or the 


Base of the flap should be wider than the margin. 


Care should be taken while carrying out a split thickness 
procedure not to perforate the flap. 


Flap should be elevated adequately, lesser elevation doesn’t 
mean success rather at times it complicates the procedure. 


Elevation of the flap: 


Full thickness flap is elevated by blunt dissection using a 


periosteal elevator. 


Partial thickness flap is reflected by sharp dissection using 
a surgical scalpel. 


Flap elevation should be done using gentle force. 
Review Questions: 


Essay Questions: 


|. Define periodontal flap. What are the indications and 
contraindications of Periodontal flap? Classify the 
periodontal flaps. 


2. Describe the various incisions used in Periodontics. 
Short notes: 


3. What are the basic rules for proper designing of the 
periodontal flap? 
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CHAPTER 


Chapter Outline: 


¢ Definitions and Terminology 

¢ Rationale 

¢ Examination and treatment planning with resective 
surgery: 

¢ The osseous resection technique 
— Fibre retention osseous resective surgery 
— Conclusion 


Resective osseous surgery (ROS) is the most successful 
and predictable pocket reduction therapy. It requires 
certain guidelines for proper recontouring of the alveolar 
bone, proper management and positioning of the gingival 
tissues. Osseous resective surgery is technique sensitive, 
and the results are irreversible. 


Schluger is considered the father of osseous resective 
surgery. 


“If the pocket depth is more than 5mm, the chances of 
failure are so great that there is an obvious indication 


for surgical pocket elimination” - Waerhaug | 


Definitions and Terminology: 


Osseous/Bony: pertaining to bone-(Glossary of 
Periodontal terms,2001) 


Osseous Surgery: Procedures to modify bone 
Support altered by periodontal disease, either by 
reshaping the alveolar process to achieve physiologic 
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¢ Review Questions 
— Essay Questions 
— Short notes 
¢ Principal Sources and Suggested Further Reading 


form without the removal of alveolar supporting bone, 
or by the removal of some alveolar bone, thus 
changing the position of the crestal bone relative to 
the tooth root. (Glossary of Periodontal terms,2001 ) 


Osseous surgery is that aspect of periodontal 
surgery which deals with the modification of the bony 
support of the teeth. (Proceedings of the World 
Workshop in Clinical Periodontics, July 23-27, 1989) 


Osseous surgery is the procedure by which changes in 
the alveolar bone can be accomplished to rid it of 
deformities induced by the periodontal disease process or 
other related factors, such as exostosis and tooth supra- 
eruption. (Sims and Carranza) 


Osseous surgery is surgical removal of the gingiva 
and reshaping of the bone to eliminate the pocket and 
correct unphysiologic architecture. (Friedman) 
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Osseous Surgery 


Resective/ 
Subtractive osseous 
surgery 


Regenerative/ 
Additive osseous 
surgery 


Definitive osseous 
reshaping 


Compromised osseous 
reshaping 





Fig 51.1: Osseous surgery 


¢ Regenerative/ Additive osseous’ surgery 
includes procedure directed at restoring the alveolar 
bone to its original level.(periodontal regeneration) 


¢ Resective/ Subtractive osseous surgery is 
designed to restore the form of preexisting alveolar 
bone to the level existing at the time of surgery or 
slightly more apical to this level. Resective osseous 
surgery may be defined as the procedure by which 
changes in the alveolar bone can be accomplished to 
rid it of deformities included in the periodontal 
disease process to other related factors, such as 
exostosis and tooth supraeruption. 


¢ Osteoplasty refers to reshaping the bone. It 

reduces the bulk of the bone but spares 
removing tooth-supporting bone. Osteoplasty 
does not remove alveolar bone proper. It is a 
component of various periodontal — surgical 
procedures. 


¢ Osteoplasty: Reshaping of the alveolar process 
to achieve a more physiologic form without removal 
of alveolar bone proper.(Glossary of periodontal 
terms) 


¢ Ostectomy (or osteoectomy) includes the 
removal of tooth-supporting bone. Ostectomy 
requires the loss of some bony support of the tooth 
or teeth, and the amount involved will be an 
important criterion for its use. 


Y 


Section - VIII 


¢ Ostectomy(Osteotomy): The excision of a 
bone or portion of a bone. In _ periodontics, 
ostectomy is done to _ correct or _ reduce 
deformities caused by periodontitis in the marginal 
and interalveolar bone and includes the removal of 
bone that is attached to the tooth. (Glossary of 
Periodontal terms,2001) 


¢ Positive architecture: The — buccal/lingual 
radicular bone is apical to the interdental bone. It is 
also referred as physiological bone form/physiologic 
architecture/scalloped architecture. In healthy 
periodontium, the contour of the marginal alveolar 
bone follows the shape of the cemento-enamel 
junction. 


¢ Negative architecture: The interdental bone is 
apical to the buccal/palatal/lingual radicular bone. 
Reverse/reversed architecture. 


¢ Flat architecture: where the interdental and 
radicular bone are at the same height. 


¢ Ideal osseous form: osseous form is considered 
ideal when the bone margin of the _ proximal 
surface is coronal to the facial and lingual surfaces. It 
is the form that is desired after periodontal surgery. 


¢ Terms that relate to the thoroughness of the 
osseous reshaping techniques include definitive and 
compromised. 
<> Definitive osseous reshaping implies that 
further osseous reshaping would not improve the 
overall prognosis. 


<> Compromised osseous reshaping indicates a 
bone pattern that cannot be improved without 
significant osseous removal that would be 
detrimental to the overall result. 
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| Advantages of Resective Osseous Surgery | 


eMost Predictable method of reducing pockets with an intrabony or hemiseptal osseous 
component of 3 mm or less. 


«Produces immediate and predictable reduction in probing depth; 

elmproves access for daily oral hygiene and periodic maintenance; 

ePreserves gingival width via apically positioned flaps; 

Allows complete removal of granulomatous tissue; 

eAllows visualization and access for definitive debridement of radicular surfaces; 
«Permits recontouring of bone anomalies (e.g., tori, ledges); 

eAllows appropriate access for root resection and hemisection when necessary. 


ePermits access for correction of radicular anomalies (e.g., cervical enamel projections, 
enamel pearls, pin perforations, etc.) 

¢Facilitates recontouring of restorative overhangs. 

ePermits restorative crown lengthening where indicated. 











eThe massive sacrifice of periodontal tissues. 


eLack of Periodontal regeneration. 
¢Clinically elongated teeth. 
eAtleast some loss of attachment in the adjacent less involved sites. 


INDICATIONS FOR OSTEOPLASTY 





INDICATIONS FOR OSTEOCTOMY 





¢ Buccal or lingual bony ledges, tori, e Elimination of interdental craters. 
etc. e Reattachment procedures, 

¢ Intrabony defects associated with ¢ Horizontal alveolar bone loss with 
tilted molars; irregular marginal bone height, 

¢ Shallow buccal or lingual e Moderate and advanced furcation 
intrabony defects; involvement. 


e Flat interproximal areas. 


e The elimination of deep 
interproximal defects to achieve 
physiological contour; 


¢ Incipient furcation involvements 


e For improvement of alveolar 
contours for flap adaptation. 


The most common indication for osseous resective surgery is to treat the shallow two-wall osseous crater. 
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Contraindications for osseous resective surgery 





e Deep osseous craters. 
e Three-wall osseous defects, 


e Moderate to deep circumferential defects, 


e Bony defects situated on the buccal aspect of terminal 
mandibular molars associated with the external oblique ridge. 


e Areas with pocket depths of less than 5 mm. 


Rationale: 


@ The prime goal is radical elimination of the periodontal 
pocket (resective therapy). 


¢ Altering the un-physiologic gingival and osseous 
architecture to a positive form, thus preventing the 
recurrence of periodontal pocket. 
@ Converting periodontal pocket into a manageable 
shallow gingival sulcus. 
A study by Tabita et al showed that no tooth had plaque- 
free surface 14 days after thorough root planning when 
the pretreatment pocket depths were 4-6 mm. This was 
seen even in the presence of excellent supragingival plaque 
control. 


Examination And Treatment Planning With 
Resective Surgery: 


@ Periodontal probing and exploration are key aspects 
of the examination. Careful probing reveals the 
presence of 


<> Pocket depth greater than that of a normal gingival 
sulcus. 


<> The location of the base of the pocket relative 
to the mucogingival junction and attachment level 
on adjacent teeth. 
<> The number of bony walls. 
<> The presence of furcation defects. 
¢ Transgingival probing or bone sounding confirms the 


extent and configuration of the intrabony component 
of the pocket and furcation defect. 


Cc 


<> It is necessary to anesthetize the tissue locally 
before inserting the probe. 


<> The probe should be “walked” along the tissue- 
tooth interface so that the operator can feel the 
bony topography. 

<> The probe may also be passed horizontally 
through the tissue to provide three-dimensional 
information regarding bony contours (i.e., 
thickness, height and shape of the underlying 
base). 


<> This step is recommended immediately before 
the surgical intervention. 


The osseous resection technique: 


Osseous si resective the 


components, 


surgery implies following 


@ Identification of the base of the defect 


@ Reshaping of the bony anatomy- Eliminating the 
buccal and lingual walls and discrepancies. Thus, the 
base of the defect prior to surgery is changed to 
the most coronal portion of the new post-surgical, 
interproximal bone surface. 


A full thickness apically positioned flap is elevated. Then, 
the following sequential steps are suggested: 
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Ne I.Vertical grooving pcre pac aa 


Procedure Ist step:Vertical 2nd step: Blending 
grooves are made the vertical groove 
on the interproximal and the radicular 
alveolar bone. alveolar bone. Thus, 

the alveolar bone 
is levelled for flap 
adaptation. 

Type of the = Osteoplasty — reshaping of the alveolar bone 

procedure — without alteration/loss of alveolar bone 


proper. 
Instruments ° Carbide burs 
used ° 

for osteoplasty) 


¢ Files (Sugarman and Schluger files) 


Indications ¢° Thickened alveolar margins. 
¢ Shallow craters. 
¢ Thick osseous ledges. 


Diamond burs (Burs are best indicated 


Resective Osseous Surgery ) 





IV. Gradualizing 





marginal bone 


Ath step: It is the final 
step in resective osseous 
surgery. It removes the 
sharp points and bony 
spicules along the gingival 
line angles. 


3rd step: Flattening 

of the interdental 
bone and removal of 
discrepancies. This may 
result in inadvertent 
loss of attachment. 


Osteoctomy — reshaping of the alveolar bone with 
alteration/loss of alveolar bone proper. 


¢ Chisels.(Back action and Ochsenbein chisels) 
Rongeurs (They are bone-cutting forceps. They 
are used for removing the sharp or protruding 
margins. It is a gross instrument and does not 
help in delicate work) 


One walled defects/ 
hemiseptal defects. 


To gradualize “window 
peaks” at the line angles. 


¢ Class | and early class Il furcation involve- 


ments. 


Contraind- 
ications 


Thin alveolar profile. 


Tab 51.1: Steps in resective osseous surgery 


Radicular: Pertaining to the root of a tooth and its adjacent 
structures. (Glossary of Periodontal Terms,2001) 


Current literature does not have _ detailed 
information on case selection based only on depth of 
the infrabony defects and the limitations of osseous 
resective surgery treatment of such_ scenarios. In 
cases of infrabony defects, Osseous-resective surgery is 
primarily indicated in shallow—moderate bony defects. 


Fibre retention osseous resective surgery: 


This method is a form of compromised osseous resective 
surgery. It is a novel surgical approach combining the 
classical method of osseous resection with the gingival 
fibre retention technique. 


In this technique, the base of the defect is shifted to a more 
coronal position. Instead of the base of the existing defect, 
the most coronal position is determined by the level of the 
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Large one walled Thin radicular bone. 


defects. 


connective tissue fibre attachment. This leads to a more 
conservative supporting bone resection than traditional 
methods. 


The biological basis of this approach is _ based 
on experimental studies that the preservation of attached 
fibres prevents the epithelial down growth, without any 
loss of bone or periodontal attachment. 


Long-term retrospective studies suggested that this 
procedure had minimal tooth loss and recurrence of 
pockets in carefully maintained patients. 


Conclusion: 


Osseous resective surgery remains a predictable surgical 
option when the main treatment objective is pocket depth 
reduction. 


Cy 
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Review Questions: 


Essay Questions: 


Define osseous surgery. Classify osseous surgery. 
Describe the osseous resective procedures in 
periodontal therapy. 


Short notes: 


2. 


3. 
4. 


What are the advantages and disadvantages of 
Resective osseous surgery? 


Write a brief note on Transgingival probing. 


What is fibre retention osseous resective surgery? 


Principal Sources and Suggested Further 
Reading 


¢ Carnevale G, Cairo F Nieri M, Tonetti MS. Fibre 


(ey 
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Chapter Outline: 


¢ Definitions And Terminology 
¢ Root Surface Biomodification 
— Citric Acid 
— EDTA (Ethylene Diamine Tetraacetic Acid) 
— Fibronectin 
— Tetracycline Hydrochloride 
¢ Osseous Grafts 
— Autograft 
— Allografts 
— Xenografts 
— Alloplastic Bone Grafts 
¢ Guided Tissue Regeneration (GTR) 
— Non-biodegradable _membrane/ 
membrane 
— Biodegradable or Resorbable Membrane 
¢ Growth Factors 
— Bone morphogenic proteins/ osteogenic proteins 
(BMPs/OPs) 
— Enamel matrix proteins (EMP) 
— Platelet Rich Plasma 


Non-resorbable 


Regeneration of periodontal tissues is the aim of treating 
periodontal diseases. Periodontal regenerative surgery 
could hold the key to restoring the original architecture 
and function of periodontium. Our knowledge of various 
cells and factors that induce healing has grown by leaps and 
bounds.Currently grafts such as autografts, demineralized 
freeze-dried bone allografts, bovine-derived xenografts, 
barrier membranes and open flap debridement are being 
applied for the correction of periodontal bone defects. 


Though varieties of regenerative materials are now available 
but the outcome remains unpredictable and complete 
regeneration is still a distant dream. 
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Platelet-Rich Fibrin (PRF) 
Platelet-Derived Growth Factor (PDGF ) 
— Parathyroid hormone (PTH) 
Cell binding peptide (P-15) 
¢ Cultured Periodontal Ligament Cells/ Mesenchymal Stem 
Cells And Their Possible Use In Periodontal Regenerative 
Therapy 
¢ Some Surgical Techniques Used To Augment Bone Volume 
Include 
— Onlay Grafting 
— Inlay grafting 
— Ridge expansion 
— Distraction osteogenesis 
— Minimally Invasive 
Regeneration: 
— Limitations of regenerative therapy 
¢ Conclusion 
¢ Review Questions 
— Essay Questions 
— Short notes 
¢ Principal references and suggested further reading 


Surgery for Periodontal 


Definitions And Terminology: 


Repair: It simply restores the continuity of the 
diseased marginal gingiva and re-establishes a normal 
gingival sulcus at the same level on the root as the base of 
the pre-existing periodontal pocket. This process is called 
healing by scar. 


REPAIR: Healing of a wound by tissue that does not 
fully restore the architecture or the function of the 
part.(Glossary of Periodontal Terms, 2001) 


REPAIR (in periodontium): The formation of a 
long junctional epithelium. 


Re-Entry: To reopen a site that has undergone 
periodontal surgery to improve, observe, or enhance 
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results obtained from the initial operation. (Glossary of 2. Osseous Grafts/ Bone Grafts (Alveolar Bone 


Periodontal terms, 2001 ) 


Regeneration: Reproduction or reconstitution of a lost 
or injured part. (Glossary of Periodontal terms, 2001) 


Periodontal Regeneration: Restoration of lost 
periodontium. (Glossary of Periodontal terms, 2001) 


New attachment (Synonym: Histologic 
reattachment): New attachment is the embedding of 
new periodontal ligament fibres into new cementum and 
attachment of the gingival epithelium to a tooth surface 
previously denuded by disease. 


New Attachment: The union of connective tissue or 
epithelium with a root surface that has been deprived of 
its original attachment apparatus. This new attachment may 
be epithelial adhesion and/or connective adaptation or 
attachment and may include new cementum. (Glossary of 
Periodontal terms, 2001) 


Regeneration: Regeneration is the growth and 
differentiation of new cells and intracellular substances to 
form new tissues or parts. 


Periodontal Regeneration: The _ re-establishment or 
replacement of lost periodontium or tooth supporting 
structures and formation of new cementum, alveolar bone, 
and periodontal ligament. 


Periodontal Regeneration: The reproduction’ or 
reconstruction of lost or injured periodontal tissue so that 
the form and function of the lost structures are restored. 


Optimal Regeneration infers the formation of 
optimum amounts of new alveolar bone and cementum 
along the exposed and denuded root surfaces with optimal 
orientation and insertion of newly generated Sharpey’s 
fibers. 


Currently, available strategies for periodontal tissue 
regeneration include: 


|. Root Surface Biomodifications: 
i. Citric acid. 
ii. EDTA. 
ili. Fibronectin. 


iv. Tetracycline hydrochloride. 


Repair) 


a. Autografts / Autologous bone grafts 


i. Extra oral 
|. Illiac autograft 
ii. Intra oral 
|. Osseous coagulum 
2. Bone blend 
3. Cancellous bone marrow transplant 


4. Bone swaging 


b. Allografts/ Allogenic bone grafts 


i. Freeze dried 


ii. Demineralized 


c. Xenografts / Xenogeneic Bone grafts 


i. Boplant 
ii. Kiel bone 


iii. Porous bovine bone mineral matrix 


d. Alloplastic bone grafts 


i. Plaster of pairs 

ii. Sclera 

ili. Cartilage 

iv. Plastic materials 

v. Calcium phosphate biomaterials 
|. Hydroxyapatite 
2. 8 — tricalcium phosphate 

vi. Bioactive glass 


vii. Coral derived materials like calcium carbonate 


3. Guided Tissue/Bone Regeneration: 


a. Non-resorbable cell occlusive barrier membranes 


i. Millipore filters 
ii. Rubber dam 
ili. Polytetrafluoroethylene (PTFE) 


iv. Titanium mesh 
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b. Resorbable cell occlusive barrier membranes 
i. Polyglycolic acid/ Polylactic acid 
ii. Collagen membrane 
ili. Periosteum 

4. Bio-Regeneration: 

a. Growth factors: 
i. Bone morphogenetic proteins 
ii. Enamel matrix derivatives 
ili. Platelet rich plasma 
iv. Platelet rich fibrin 
v. Platelet-derived growth factor 
vi. Parathyroid hormone 


vii. Cell binding peptide (P-1I5) 


REMOVE THE SMEAR LAYER 






REMOVAL OF ENDOTOXINS 


ROOT SURFACE 
BIOMODIFICATION 
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viii. Fibroblast growth factor 
b. Cell therapy 
i. Autologous somatic stem cells 
ii. Allogenic stem cells 
ili. Cultured PDL cells 


c. Scaffolds for Periodontal regeneration. 
Root Surface Biomodification: 


Root Preparation: Use of instruments or chemicals on 
roots to eliminate irritants, prevent bacterial accumulation, 
and encourage wound healing.(Glossary of periodontal 
terms, 2001) 


This strategy focuses on treatment with citric acid, 
tetracycline, or EDTA to demineralize the root surface. 
The conditioned root surface reportedly enhances the 
formation of new connective tissue attachment. 


ROOT SURFACE DEMINERALISATION 






ENCOURAGE WOUND HEALING 


Fig 52.1: Root surface biomodification 


Citric Acid: 


Citric acid is a tricarboxylic acid. It has been widely used 
for root conditioning. Partial demineralization with citric 
acid treatment appears to enhance mesenchymal adhesion 
possibly by a chemical mechanism. It has been shown that 
citric acid demineralization enhances new attachment or 
reattachment and regeneration by one or more of the 
following mechanism. 


@ Removal of smear layer. 


@ Demineralization prior to cementogenesis. 
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@ Antibacterial effect. 


@ Detoxification of pathologically altered root 


surfaces. 


@ Exposure of root collagen and opening of dentinal 
tubules. 


@ Collagen union (splicing) between exposed root 
surface fibrils and soft tissue collagen fibrils. 


@ Initial clot stabilization. 


@ Enhanced fibroblast growth and stability. 
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@ Prevention of epithelial migration along the denuded 
roots. 


@ Enhanced binding of the two collagens by fibronectin 
in the stages of wound repair; thus inhibiting the 
down growth of oral epithelium. 


@ Enhanced fibroblast chemotaxis, migration, and 
attachment. 


@ Accelerated healing and new cementum formation 
after surgical detachment of the gingival tissues and 
demineralization of the root surface. 


The recommended technique is as follows 
@ Raise a mucoperiosteal flap. 


@ Calculus and underlying necrotic cementum are 
removed throughly from the root surface. 


@ Apply cotton pellets soaked in a saturated solution 
of citric acid (DHI) and leave on for 2- 4minutes. The 
appropriate concentration of citric acid necessary to 
achieve a pH! solution is determined to be 61 grams 
per 100ml of distilled water. 


@ Remove pellets and irrigate root surface profusely 
with water. 


@ Replace the flap and suture. 


EDTA (Ethylene Diamine Tetraacetic Acid): 


EDTA etching of the root appears to promote early cell 
and tissue colonization.It provides a more biocompatible 
surface for cell and tissue attachment. 


Fibronectin: 


It is a high molecular weight glycoprotein. Fibronectin is 
required by fibroblasts for attachment to root surfaces. The 
addition of fibronectin to the root surface may promote 
new attachment. 


Tetracycline Hydrochloride: 


Tetracyclines are broad-spectrum antibiotics with activity 
against gram positive and gram negative bacteria as well 
as microplasma, rickettsial and chlamydial infections. SEM 
studies of dentine surfaces have shown that tetracycline 
hydrochloride treatment 


a. Removes the surface smear layer. 


b. Opens dentinal tubule orifices and 
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c. Exposes surface collagen fibrils. 


Tetracycline demineralised dentine has been shown to be 
bacteriostatic, and the treated root surface has reduced 
plaque formation. 


Osseous Grafts: 


Graft: |. Any tissue or organ used for implantation 
or transplantation. 2. A piece of living tissue placed in 
contact with injured tissue to repair a defect or supply a 
deficiency. 3. To induce union between normally 
separate tissues.(Glossary of Periodontal Terms, 2001) 


Allograft: A graft between genetically dissimilar members 
of the same species.(Glossary of Periodontal Terms, 2001) 
Alloplast:A synthetic graft or inert foreign body implanted 
into tissue.(Glossary of Periodontal Terms, 2001) 


Autogenous Bone Graft: An _ osseous 
(Glossary of Periodontal Terms, 2001) 


autograft. 


Autograft: Tissue transferred from one position to 
another within the same individual.(Glossary of Periodontal 
Terms, 2001) 


Bone Fill: The clinical restoration of bone tissue in a 
treated periodontal defect. Does not address the 
presence or absence of histologic evidence of new 
connective tissue attachment or the formation of a new 
periodontal ligament. (Glossary of Periodontal Terms, 
2001) 


Bone substitute materials (BSM) are described 
as a reasonable alternative to autologous bone (AB) to 
simplify the grafting procedure. (Al-Nawas B &Schiegnitz 
E,201 4) 

Heterograft: A graft taken from a donor of another 
species.(Glossary of Periodontal Terms, 2001) 
Homograft: Synonym: Allograft.(Glossary of Periodontal 
Terms, 2001) 

Iliac G.: Bone graft material obtained from the iliac 
crest.(Glossary of Periodontal Terms, 2001) 

Isograft: A _ graft between — genetically identical 
individuals, usually between identical twins.(Glossary of 
Periodontal Terms, 2001) 


Xenograft: A _ heterograft.(Glossary of Periodontal 
Terms, 2001) 

Osteogenesis: Development of bone; formation of 
bone.(Glossary of Periodontal Terms, 2001) 
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Osteogenic: Any tissue or substance with the potential 
to induce growth or repair of bone.(Glossary of 
Periodontal Terms, 2001) 


Osseous Coagulum: A mixture of small bone particles 
and blood used as a bone graft. (Glossary of Periodontal 
Terms, 2001) 


Osseous: Bony; pertaining to bone. 
Periodontal Terms, 2001) 


Syngeneous __ graft: Graft material derived 
Genetically identical individuals. (Klein & Al-Nawas, 201 1) 


(Glossary of 


Phycogenic graft: Graft material derived from 


plant. (Klein&AI-Nawas, 201 |) 


Bone graft materials are evaluated based on regenerative 
potential as follows: 


Osteogenesis: 


lt refers to the formation or development of new bone by 
cells contained in the graft. Osteogenic grafts contain cells 
that lay down a bone matrix, ultimately resulting in new 
bone formation around a tooth. 


Osteogenic: Any tissue or substance with the potential 
to induce growth or repair of bone.(Glossary of 
periodontal terms, 2001) 


Osteoinduction: It is a chemical process by which 
molecules contained in the graft (such as _ bone 
morphogenetic proteins) convert the neighbouring cells 
into osteoblasts, which in turn form __ bone. 
Osteoinduction is a process of accelerated bone 
formation that provides an abbreviated healing period. 
Osteoinductive Grafts release growth factors and other 
mediators that signal the host to produce native bone. 


Osteoconduction: It is a physical effect by which the 
matrix of the graft forms a scaffold that favours outside 
cells to penetrate the graft and form new _ bone. 
Osteoconductive graft materials act as a scaffold; a passive 
matrix on which host bone may grow. 


Bone graft materials are classified based on their origin as 
follows: 


Autograft: 
Autoplast) 


(Synonyms: Autograft, Autologous graft, 


Autografts: Tissue transferred from one position to 
another within the same individual. 
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The autogenous bone graft is traditionally the “gold 
standard” for osseous regeneration. It is resorbable, 
eventually by the patient’s own bone, and is non-allergic. 


Advantages: 


Autogenous grafts are preferable to other types of graft 
because they contain viable cells. It is highly osteoinductive 
in nature. It incorporates efficiently at the recipient site 
around the periodontal defects. It does not incite any 
immune- or disease-related complications of allografts or 
xenografts. 


Disadvantages: 


It cannot be widely used due to its limited availability and 
donor site morbidity after the harvesting procedure. 


Bone from extraoral sites: 


In 1923, Hegedus pioneered the use of extraoral sites as 
a source of bone for grafting into periodontal osseous 
defects. He used bone from the tibia. In 1960’s Schallhorn, 
and Hiatt revived this approach. 


lliac autografts: 


Autogenous iliac cancellous bone marrow is a graft material 
of high osteogenic potential. It is procured from the lateral 
or posterio-superior iliac crest. lliac grafts have been used 
rather fresh or frozen. 


The problems associated with its use such as postoperative 
infection, exfoliation, and sequestration; varying rates of 
healing; root resorption; and rapid recurrence of the defect: 
In addition to increased patient expense and difficulty in 
procuring the donor material, the technique is no longer 
in use. 


Bone from intraoral sites: 


It is easier to procure from intraoral sites than the extraoral 
sites. 


The common sources of intraoral autogenous bone graft 
include the following: 

@ Bone from edentulous ridges. 

@ Bone from healing extraction wounds. 

@ Bone from symphisis. 

@ Bone removed during osteoplasty and ostectomy. 

@ Bone trephined from within the jaw without damaging 
the roots. 


CY 


Non-Surgical Methodology Section - VIII 


@ Newly formed bone in wounds especially created for 
the purpose. 





Fig. 52.2 Deficient ridge is augmented using bone 
procured from the symphysis region. The bone graft is 
stabilized using titanium screws. 


Osseous coagulum (Synonyms: Bone dust augmentation, 
Bone powder): 


Osseous Coagulum: A mixture of small bone particles 


and blood used as a bone graft. (Glossary of periodontal 
terms, 2001) 


R. Earl Robinson in 1969 introduced a technique using a 
mixture of bone dust and blood that he termed “osseous 
coagulum”. The source of this bone dust was intraoral 
from an exostosis, tori, heavy marginal ridges or adjacent 
sites undergoing osseous surgery. The advantage of the 
small particle size in osseous coagulumis that it provides 
additional surface area for the interaction of cellular and 





(6) Periodontics & Oral Implantology 


Chapter 52 


vascular elements. If particle size is small, more certain is its 
resorption and replacement with new host bone. 


Thedisadvantages of this graft are it’s relatively low 
predictability and the inability to procure adequate material 
for large defects. 


Bone blend: 


The bone blend technique was devised to overcome the 
disadvantages of the osseous coagulum technique. This 
technique uses an autoclaved plastic capsule and pestle. 
Bone is removed from a predetermined site, triturated in 
the capsule to a workable, plastic-like mass,and packed into 
bony defects. This trituration leads to mixing and blending 
of the cancellous and cortical bony spicules producing a 
homogenous mass. 


Forum et al. have found osseous coagulum- bone blend 
procedures to be at least as effective as iliac autografts and 
open curettage. 


Cancellous bone marrow transplants: 


lt can be obtained from the maxillary tuberosity, edentulous 
areas, and healing sockets. The most productive source 
appears to be an 8 to |2-week healing extraction socket. 


Bone swaging: 


When an edentulous area exists adjacent a bony defect, 
bone could be pushed from it towards the root, fracturing 
its base. The blood supply from the base of the autogenous 
graft remains intact. It is indicated in one-wall defects, three 
wall troughs and bifurcation involvement. A variant of this 
technique without complete detachment from the donor 
site is called continuous autogenous transplant. However, 
the clinical application of bone swaging is limited. 


Allografts: Tissue transferred from one individual to 
another genetically dissimilar individual of the same 
species. 


The need for an allogenic source or substitute for 
autogenous bone arose from the need for a supply of donor 
material to fill multiple or deep defects within the same 
patient and morbidity accompanying a second surgical site 
to procure donor bone. 


Bone allografts are commercially available from tissue banks. 
They are obtained from cortical bone within |2 hours of 
the death of the donor, defatted, cut into pieces, washed in 
absolute alcohol, and deep frozen. The material may then 
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be demineralised, and subsequently ground and sieved to a 
particle size of 250 to 7/50 um and freeze-dried. Finally, it is 
vacuum-sealed in glass vials. 


A major concern in the use of allografts is risk of disease 
transmission. However, it has been calculated that under 
the use of proper protocol to eliminate the viral infectivity 
the risk of the transmission of viral infection will be | in | 
to 8 million. Hence, it is a remote possibility. 


Freeze-Dried Bone Allograft: (Synonym: Undecalcified 
Freeze-Dried BoneAllograft) 


It is an osteoconductive material and hence provides a 
matrix for regeneration. 


Decalcified Freeze- Dried Allograft: 
Demineralized freeze-dried allograft) 


(Synonym: 


It is both osteoconductive and osteoinductive material. 
The osteogenic potential is due do the exposure of bone 
morphogenic proteins (BMPs) which are the components 
of the bone matrix. Histologic studies in humans showed 
new attachment and periodontal regeneration in defects 
treated with Decalcified Freeze-Dried bone allograft. 


Both FDBA and DFDBA are of cadaveric origin. 


Xenografts (Synonym: Heterografts, Xenogeneic grafts); 
Tissue transferred from one species to another species. 


Boplant (Processed calf bone): 


Calf bones treated with detergent and freeze-dried were 
used for treatment of osseous defects. 


Kiel Bone: 


It is calf or ox bone denatured with 20% hydrogen peroxide, 
dried with acetone and sterilized with ethylene oxide 


Porous Bovine Bone Mineral (Bio-Oss®); 


It is deproteinized _ sterilized inorganic bovine 
bone matrix derived from cancellous or _ cortical 
bovine bone marketed under the brand name Bio- 
Oss®.The organic parts are removed from _ the 
bovine bone during the production process and the 
remaining calcium-containing bone structures are 
processed to slowly degradable granule-porous bone 
mineral matrix. It is osteoconductive invivo and is a well- 
established bone substitute material. It is used 
successfully both in treatment of periodontal defects and 
in implant surgery. It has been documented that Bio- 
Oss® promotes osteogenesis in vitro. Y 
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The major advantages of this material are that it has an 
unlimited supply, no additional donor site and proven 
Safety. 


Alloplastic Bone Grafts: 


Alloplasts:A synthetic graft or inert foreign body implanted 
into tissue.(Glossary of Periodontal Terms, 2001) 


Plaster of Paris: 


Sterile plaster of Paris is rapidly resorbed and does not 
induce bone formation but is tolerated as a graft. 


Sclera: 


Sclera was used in periodontal procedures because it is a 
dense, fibrous connective tissue with poor vascularity and 
minimal cellularity 


Cartilage: 


It serves as a scaffold. It has been shown to be of some 
benefit. 


Plastic Materials: 


There are two polymer materials that have been usedas bone 
graft substitutes in the treatment of periodontal defects; 
a non-resorbable, calcium hydroxide coated Copolymer 
of Poly-methyl-Methacrylate (PMMA) and Poly-hodroxyl- 
ethyl-methacrylate (PHEMA) which is often referred to as 
HTR (hard tissue replacement) and a resorbable polylactic 
acid (PLA) polymer. They act as bone fillers. Histologically, 
these materials are encapsulated by connective tissue 
fibres, with no evidence of new attachment. 


Calcium phosphate biomaterials: 


Some calcium phosphate biomaterials have been tested 
and currently available for clinical use. These materials 
are osteoconductive and provide a scaffold for new bone 
deposition. They have excellent tissue compatibility and 
do not elicit a foreign body response. Calcium phosphate 
biomaterials are available in two widely used forms 


|. Hydroxyapatite. 
2. Tricalcium phosphate. 


Studies conducted on their use revealed good clinical 
results. However, histologically these materials appear to 
be encapsulated by collagen. 
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A new form of microporous, non-sintered, non-ceramic, 
resorbable hydroxyapatite material (osteogen) is shown to 
produce significant amount of bone regeneration. 


Nano-hydroxyapatite (nHAp) pastesare widely used for 
treatment of metaphyseal fractures, augmentation of 
osseous defects, tooth perforations, jaw cysts and peri- 
implantitis. It can activate EGFR and its target proteins. It 
also mediates cell adhesion of PDL cells and can be suitable 
for periodontal regeneration. 


Calcium phosphate cement (CPC) is used as restorative 
material in dental and craniofacial applications. CPC paste 
self-hardens to form an osteoconductive, bone replacing 
cement called resorbable Hap. 


Biphasic calcium phosphate (BCP) ceramic is a mixture of 
Hap and £-tricalcium phosphate (TCP). It can be used for 
large bone defects and load bearing areas. BCP is porous 
in nature resembling normal cancellous bone. It allows 
in-growth of perivascular tissue, osteoprogenitor cells 
and inhibits gingival epithelium. Hence, it is biocompatible, 
osteoinductive and acts as a stable scaffold for periodontal 
regeneration. 


A synthetic nanocrystalline hydroxyapatite (Ostim) has a 
chemical composition almost same as that of bone mineral. 
It has a very fine particles (18nm). One study indicated 
that bone formation can be promoted by this material in 


intrabony defects. Ostim (Heraeus Kulzer, Hanau, 
Germany) is a ready to use nanocrystalline 
hydroxyapatite (NHA) paste, contains about 35% 


nanoscopic apatite particles in aqueous dispersion. It is 
currently used in orthopaedic trauma _ surgery for 
augmentation procedures in osseous. defects. In 
dentistry, studies have demonstrated that NHA paste 
stimulates cell proliferation, possibly contributing to 
the main processes of periodontal tissue regeneration. 
Clinical and biomolecular observations evidenced 
that NHA_ improves’ alveolar socket _ healing, 
increasing angiogenesis and epithelialization, as well as 
osteogenesis through increasing the synthesis of 
proosteogenic factors as bone morphogenetic proteins 
BMP-4, BMP-7, alkaline phosphatase, and osteocalcin. 
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Fig. 52.3: Ostim® (Nanocrystalline hydroxyapatite) 


lt is marketed with varying particle sizes as perioglass® 
and biogran®. 


Bioactive Glass: 


Bioactive glasses are composed of SiO, CaO, Na20, P,O° 
and bond to bone through the development of a surface 
layer of carbonated Hydroxyapatite, when exposed to 
tissue fluids. Bioglass is a family of bioactive glasses 
was discovered by Prof. Larry Henchat the University of 
Florida. They are synthetic silica based materials. These 
ceramics contain SiO,, CaO, and P,O,.They were the 
first known synthetic material to form a direct chemical 
bond with soft and hard tissues without any intervening 
fibrous layer. Their elastic modulus is similar to cortical 
bone. It can be used as a coating material for implants. 


In vivo, the bioactive glasses are covered by a double 
layer composed of silica gel and a calcium phosphate layer 
promotes adsorption and concentration of proteins used 
by bioactive glass to form a mineralized extracellular matrix. 
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Coral Derived Materials: 


The coralline materials used for bone replacement are 
either natural coral or coral derived porous hydroxyapatite. 
Both are biocompatible. 


A porous coralline calcium carbonate that is resorbable is 
marketed as Calcarle®. It is a natural coral in the form of 
aragonite (>98%CaCo3).It is provided as granules of 300 
to 450um in diameter. 


Guided Tissue Regeneration (GTR): 


Melcherin 1976 suggested that, under physiological 
conditions, only cells from periodontal ligament can 
synthesize and secrete cementum to attach newly 
synthesized collagen fibres of periodontal ligament or 
lamina propria of gingiva to tooth. This led to a 
mechanical approach that utilizes a barrier membrane to 
allow clot stabilization and selective colonization of the 
defect area by PDL cells to regenerate periodontal 
tissues. 


Guided tissue regeneration is defined as a 
procedure attempting to regenerate lost periodontal 
structures through differential tissue responses 
(American Academy of Periodontology 1996). 


Guided tissue regeneration (GIR) and guided bone 
regeneration (GBR) are techniques which involve the 
placement of a barrier membrane to prevent epithelial 
migration into the defective area, thus allowing sufficient 
time for periodontal ligament, cementum and bone to 
regenerate. 


Guided Tissue (Bone) Regeneration: Procedures 
attempting to regenerate lost periodontal structures 
through differential tissue responses. Guided bone 
regeneration typically refers to ridge augmentation or 
bone regenerative procedures; guided tissue regeneration 
typically refers to regeneration of periodontal attachment. 
Barrier techniques, using materials such as expanded 
polytetrafluoroethylene, polyglactin, polylactic acid, 
calcium sulfate and collagen, are employed in the hope of 
excluding epithelium and the gingival corium from the 
root or existing bone surface in the belief that they 
interfere with regeneration. (Glossary of Periodontal 
Terms, 2001) 





Fig. 52.4 Periodontal regenerative procedure carried 
over using Bone graft (Perioglas) and GTR (Resolut) 
membrane (Courtesy: Dr.Marei) 
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Fig.52.5 GIR Membrane Occluding the ingrowth of 
Gingival Epithelial Cells 
Tab 52.1: Ideal Properties of GTR/GBR membranes 
IDEAL BIOCOMPATIBILITY 
PROPERTIES 
OFGTR/GBR CELL OCCLUSIVITY 
MEMBRANES 
BIORESORPTION 
TEAR STRENGTH 
STIFFNESS 
BIOLOGICAL ACTIVITY 
CLINICAL MANAGEABILITY 


Indications of GTR therapy: 
@ Narrow two- or three-walled intrabony defects. 
@ Class Il molar furcation involvement. 
¢ Circumferential defects. 
@ Class | or Il gingival recession. 
@ Presence of thick gingiva. 
Contraindications of GTR therapy: 
@ Defects with tooth mobility. 
@ Unsalvageable teeth. 
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The use of an occlusive membrane interfacing with gingival 
connective tissue/epithelium and a PDL/alveolar bone 
tissue to promote periodontal tissue regeneration is called 


It should be non-toxic, non-allergic and biosafe. 


It should act as a physical barrier against the faster 
growing epithelial cells. 


They should have a proper degradation profile to match 
the new tissue formation. ie It should resorb evenly 
without residue after completing its functionality. 


It should not tear during handling and placement. 


It should have sufficient strength so as to not collapse 
underthe forces of mastication andthe flap. 


It should be bioactive and assist the cell growth of PDL 
and bone. 


Adequate mechanical and physical properties to allow in 
Vivo placement. It should be mouldable, but should have 
adequate stiffness. 


The process of restoration of deficient alveolar sites 
(e.g, an extraction site and deficient alveolar ridge) for 


posterior implant placement has been named guided bone 
regeneration (GBR). 


According to Scantlebury, guided tissue barrier membranes 
must fulfill the following five principal design criteria: 


2 
3. 
4 


Biocompatibility. 
Space-making. 
Cell-occlusiveness. 
. Tissue integration. 


5. Clinical manageability. 
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Tab 52.2: Principles of successful GBR therapy 


Principles Cell exclusion 
of 
successful  Tenting/Space 


GBR maintenance 
therapy Scaffolding 
Stabilization 


Framework 


Graft Preservation 
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Acts as aphysical barrier. 


Allows selective colonization of the bloodclotin the protected 
defect areaby angiogenicand osteogeniccells. 


Creates space beneaththe membrane. 


lsolatesthe defectfromthe overlyingsofttissue. 


Proginator cells are givenachance to grow inthe fibrin clot by 
keeping away the overlying softtissue cells. 


It protectsthe blood clot. 


It dampensthe disturbance from the effects of the overlying flap 
movement. 


Anextraframework/reenforcements prote ctsin from collape at 
vulnerable sites. 


Often used in dehiscences and fenestrations. 


| Rate of graft resorption 


Contraindications 


¢Medical condition contraindicating surgery such 
as uncontrolled diabetes. 

ePoor oral hygiene. 

eHeavy smoking. 

elnfection at the defect site. 

egeneralized horizontal bone loss. 

eAdvanced lesions with little remaining support 
and multiple defects. 





Fig 52.6: Guided Bone regeneration-Indications and contraindications 
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Non-biodegradable membrane/ Non-resorbable to give local anesthesia and surgically remove the 
membrane: membrane using a mini-flap. 
Millipore filters: PTFE membranes are the most commonly used non- 


It was among the first used membranes for GTR. It is 
microporous in nature and made up of cellulose acetate 
laboratory (Millipore) filters. 


resorbable GIR/GBR membranes. 





|. Rubber dam: It was also used as GIR membrane. 
2. Poly tetra fluoro ethylene (PTFE): 


The basic molecule of PTFE contains a polymer 
with carbon-carbon bond and 4 attached fluorine 
atoms. It is non-porous, inert and biocompatible. The 
expanded PTFE is chemically identical to PTFE as is 
available in different shapes and sizes to suit proximal 
spaces and facial/lingual surfaces of furcation. High- 
density PTFE and Titanium-reinforced high-density 
PTFEare available commercially as Cytoplast TXT- 
200 and Cytoplast Ti-250. 


The technique for its usage is as follows, 


a. A mucoperiosteal flap is raised with vertical incisions. 
It should extend to a minimum of two anterior teeth 
and one distal tooth to the site of treatment. 


b. The osseous defect should be debrided, and a 
thorough root planing should be done. 


c. The membrane is trimmed with a sharp scissors to 
fit the approximate size of the site of treatment. The 
apical border of the material should extend 3-4 mm 
apical to the margin of the defect. It should extend 
2-3 mm laterally beyond the defect. The occlusal 
border of the membrane should be 2mm apical to 
the CE]. 


d. The membrane should be sutured tightly around the 
tooth with a sling suture. 


e. The flap is sutured back into original or a slightly 
coronal position with independent interdental sutures 
and along the vertical incisions. The flap should cover 
the entire membrane. 


f. Use of periodontal dressings is optional. 
g. The patient is kept under antibiotic cover for 7 days. 


h. After 4-6 weeks, the margin of the membrane gets 
exposed. It can be removed with a gentle tug, 5 weeks 
after the initial surgery. An alternate procedure is 
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Fig. 52.7 Alveolar Ridge split procedure with bone graft and 
placement of GTR membrane for horizontal bone regeneration 


3. Titanium mesh: 


Titanium is a widely used metal in both medicine 
and dentistry. Titanium mesh (Ti-mesh) has excellent 
mechanical properties for the stabilization of bone 
grafts beneath the membrane. 





Table 52.3: Advantages and disadvantages of titanium mesh as GBR membrane. 


Titanium Mesh 





Rigidity 


Elasticity 
Stability 


Plasticity 


Smooth 
surface 


(4) 


¢ It provides extensive space maintenance and 
prevents contour collapse. 

¢ It maintains space with a higher degree of 
predictability, even in cases with a large bony 
Cavity. 

It prevents mucosal compression. 

It permits bending, contouring, and adaptation to 

any unique bony defect. 


¢ It permits bending, contouring, and adaptation 
to any unique bony defect. 


¢ It makes it less susceptible to bacterial con- 
tamination than resorbable materials. 
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Stiffness 


membrane. 


Sharp edges 


Macroporos- ¢ It may help in maintaining blood supply. 


ity (in the ° It is believed to enhance regeneration by 
stability through tissue 
integration and allowing diffusion of extracel- 


millimeter 
range) 


improving wound 


lular nutrients across the membrane. 


¢ It helps in the attachment of soft tissues, which 
may stabilize and restrict the migration of 


epithelial cells. 


¢ It helps in maintaining space better than other 
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¢ It causes mechanical irritation to theoverlying 
mucosal flaps leading to increased number of 
exposures. 


¢ The sharp edges, caused by cutting, trimming, 
and bending of titanium mesh, maybe respon- 
sible for increased incidence of exposure of 
titanium barriers. 


¢ It makes the removal of the titanium mesh dif- 
ficult during the second surgery. 

¢ These macro- and multi-porous characteristics 
also create sharp spots when the material is cut 
or bent during use. 

¢ It may provide an easy pathway for microbial 
contamination into the healing site. 


These excellent properties of Ti-mesh make it optimal for successful GBR. 


Biodegradable or Resorbable Membrane: 


Non-resorbable membranes do not resorb naturally and 
require a secondary surgery for removal. This led to a 
search for biodegradable membrane barriers. The GIR 
membranes should function for at least 4-6 weeks, and 
their degradation should match new tissue formation.A 
number of such membrane barriers are currently available 
for use in GTR technique. 


Polylactic acid/ Polyglycolic acid membrane: 


These membranes are copolymers of polylactic and 
polyglycolic acids. They are of synthetic origin. They 
are easy to place, and as these are resorbed naturally, 
there is no need to do second surgery for removal. 
These membranes are biocompatible, biodegradable 
and easy to handle. 


Biodegradation occurs by breakdown of polymers 
into simple substances like lactic acid similar to 
byproducts of carbohydrate digestion. They degrade 
completely within the human body with end-products 
of CO2 and H2O. Hence, these membranes have high 
biocompatibility. 

They are available commercially as Resolut LT®, 
Vicryl, Mesh®, Atrisorb®, etc. Atrisorb® is available 


in flowable form. It is the only GIR membrane to be 
prepared at the chair side. 


But their degradation profile is unpredictable. 
Different parts of the membrane may degrade at 
different rates leading to premature breakdown 
and perforation in some areas. This can halt the 
regeneration and tissue heals by repair. 


Hyaluronic acid (HA-PLGA/ PLGA) blended with 
Hydroxyapatite/ —_ poly(d,|-lactide-co-caprolactone) 
(PLCL) periodontal barrier membranes are newer 
additions to the PLA/PGA membranes. These blended 
membranes degraded more slowly than conventional 
membranes. 


. Collagen: 


It is known as the ‘universal template for 
biomineralization’. It has excellent biocompatibility, 
bioactivity and tissue construct for cell growth and 
differentiation. 

The use of collagen as a barrier is based on the 
following characteristics; 


a. It has a haemostatic property. 
b. It is chemotactic for fibroblast in vitro. 


c. It can act as a lattice for migrating PDL 
fibroblasts. 


d. It can be moulded into many shapes, easy to 
manipulate and to adapt on the root surface. 
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e. It is a weak immunogenic nature and hence is well 
tolerated. 


f. It has a low cytotoxicity. 


g. It is biodegradable andis degraded by 
endogenouscollagenases into carbon dioxide, 
and water does not require a second surgery for 
removal. 


h. Cross-linked collagen membranes degrade 
slowly in six to eight weeks and hence provide 
adequatetime period for the regeneration. 


Collagen membrane is a natural resorbable membrane. 
It is available as AlloDerm® (Allograft-cadaveric human 
skin),Avitene® (Bovine origin), Bio-Gide® (Porcine origin), 
BioMend Extend® (Bovine origin), Cytoplast RTM® 
(Bovine origin). 


Tab 52.4: Elements for the success of the regenerative therapy 


Elements for 
the success 
of the 
Endogenous 
regenerative 
technology 


recruiting cells. 
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Collagen membranes have poor performance in vivo, as 
they degrade rapidly. Hence, their biomechanical properties 
are enhanced by physical and chemical cross-linking, by UV 
radiation, genipin (Gp), Glutaraldehyde and EDC. 


3. PERIOSTEUM: A specialized connective tissue 
covering bones and possessing bone-resorptive and 
bone-forming potential. (Glossary of Periodontal 
Terms, 2001). The use of autologous periosteum as a 
barrier membrane has also been studied. 


GROWTH FACTORS: 


Modifying tissue to self-regenerate is an alternate to 
traditional therapeutic procedures. The technique to 
induce self-regeneration is generally called 
Endogenous regenerative technology. Recent advances 
with recombinant growth factors and other proteins in 
combination with aforementioned techniques is also in 
clinical practice. 


An appropriate medium to act as a scaffold for 


Sufficient number of responsive progenitor or 


stem cells should be recruited at the target site to 
create a new hybrid periodontium. 


Adequate levels of regulatory signals should be 
maintained and sequenced to induce cell homing 
and differentiation into the target tissue. 
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Growth Factors: A diverse group of polypeptides that 
have important roles in regulation of growth and 
development of a variety of organs.(Glossary of 
Periodontal Terms, 2001) 


They are natural proteins that regulate cellular 
events like tissue repair and regeneration. When these 
factors bind to the target cells, intracellular signalling 
pathways are activated leading to gene activation and 
alteration of phenotype. 


These factors can enhance  chemo-attraction, 
differentiation, and proliferation. Localized delivery and 
prolonged release of these growth factors is essential 
to regulate natural tissue repair and ensure proper 
functioning of the desired stem cells. 


The action of these growth factors depends on the 
concentration. Higher concentration can give control 
over the tissue area covered. Spatial 
compartmentalization and sequential delivery of such 
growth factors can pattern new tissue formation. 


Limitations of factor based 
therapy include: 

@ Short half-life of these proteins is a vital factor. It 

should reach the site of action without any damage 


to its bioactivity. 


growth 


@ Side-effects due to multiple or high doses needed to 
achieve effective concentration. It should act on the 
target site for an extendedperiod of time to exert its 
action. 


¢ Large amount of proteins are used to maintain the 
efficacy.This can increase the cost of the procedure, 
can cause an immune reaction and disease 
transmission. 


@ The designing of carriers and scaffolds is an expensive 
process. 


@ Undefined tissue-specific growth facts still exist for 
each tissue. 


@ Protein denaturation is a 
preparation. 
Bone morphogenic proteins/ osteogenic 
proteins (BMPs/OPs): 
BMPs are multi-functional growth factors and are known 


potent bone-inducing factors. Members of the BMP family 
play an important role in cell migration proliferation, 


possibility during 
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differentiation and apoptosis for many cell types, including 
chondroblasts, osteoblasts, neural cells and epithelial cells. 


BMPs bind to BMP receptors, phosphorylate R-Smad and 
release Runt-related transcription factor 2(Runx2), which 
is essential for osteoblast differentiation. Runx2 also 
releases bone matrix proteins like OPN and BSP to 
regulate bone development. 


These proteins can induce cementogenes is along 
exposed root surfaces with embedding of Sharpey’s fibres 
into the newly formed cementum. It also induces 
mineralization foci within the newly deposited cementoid 
matrix. 


Capillary sprouting and vascular invasion of osteogenetic/ 
morphogenetic vessels is crucial to induce hard tissue 
formation within the periodontal defect. Mesenchymal 
cells condense around and near these newly formed 
vasculature. This leads to induction of alveolar bone and 
cementum. 


Recombinant human osteogenic protein-| (hOP-I) and 
BMPs (-2, -7 and -12) could be used along with a collagen 
vehicle for treatment of buccal wall defects, sinus floor 
augmentation and regeneration of intrabony periodontal 
defects. 

Enamel matrix proteins (EMP): 


Enamel matrix proteins mainly amelogenin, are secreted by 
Hertwig’s epithelial root sheath during tooth development 
and induce acellular cementum formation. Based on 
these observations, these proteins are believed to favour 
periodontal regeneration. Its clinical efficacy is better than 
open flap debridement or GTR. 


Enamel matrix protein derivative protein derivative 
obtained from developing porcine (derived from pigs) teeth 
has been approved by the USFDA. It is marketed under the 
trade name Emdogain. 


It is a purified acidic extract of developing embryonic 
enamel derived from 6 month-old piglets. It has a mixture 
with over 90% porcine amelogenins, 10% proline-rich 
non-amelogenins, tuftelin, tuft protein, serum protein and 
salivary protein delivered on a viscous, propylene glycol 


gel. 


The mechanism of action is not entirely understood. 
The mechanism could be biomimicry - induction of 
biomineralization with its TGF/BMP like growth factors and 
regulation of the PDL stem cells. It contains a hydrophobic 
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protein assembly of amelogenins that appear to favor the 
formation of new attachments. These proteins have high 
affinity for hydroxyapatite and also stimulate cells to 
deposit cementum on root surface. Attachments are 
characterized by the presence of new acellular and/or 
cellular cementum with inserting collagen fibers and 


new alveolar bone. Studies reveal that expression of 


Bone sialoprotein parallels cementum deposition on 
root surface, and this could be controlled by 
amelogenin. 


The effects of EMP like emdogainincludes: 
¢ PDL fibroblasts 


<> Proliferation and growth. 

<> Increased protein synthesis. 

<> Release of autocrine growth factors. 
@ Inhibition of epithelial cell proliferation. 


@ Enhanced growth of mesenchymal cells like fibroblasts 
and osteoblasts. 


It stimulates macrophages to release BMPs that form 
cementum-like material from fibroblasts. 


@ It can downregulate early inflammatory phases in 
wound healing 


@ It can upregulate genes encoding growth and repair 
promoting factors. 


The technique of application of Emdogain described by 
Mellonig is as follows: 


|. Raise a flap for regenerative purposes. 


2. Remove all granulation tissue and tissue tags, expose 
the underlying bone, and remove all root deposits 
manually or by ultrasonic scaling or both. 


Completely control bleeding within the defect. 


4. Demineralise the root surface with citric acid pH 
| or preferably with 24% EDTA — pH 6.7 for I5 
seconds. This removes the smear layer and facilitates 
adherence of the emdogain. 


5. Rinse the wound with saline and apply | ml of a vehicle 
by syringe to the defect site. The gel to fully cover the 
exposed root surface. 


6. Avoid contamination with blood or saliva. 


Close the wound with sutures. 
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8. Perfect adaptation of the flaps is necessary. 


If this cannot be obtained, correct the scalloping of 
the gingival margin or perform slight osteoplasty. 
Although placement of the dressing is optimal, it may 
protect the wound. 


Thus, EMP can trigger a clinically significant regenerative 
response in PDL. Meta-analysis of reported literature 
reveals that EMP is safe in clinical settings, more favorable, 
easy to apply and multiple defects can be treated with 
a single syringe. It is also reported that EMP is effective 
on intraosseous defects, gains in clinical attachment loss 
and reduction in probing depth from 6-12 months after 
treatment. 


However, a systematic review on GTR versus open flap 
debridement suggested that the clinical improvement was 
very modest and variable with GTR. Histological studies 
have also confirmed that the outcome is unpredictable. 


PLATELET RICH PLASMA: 


Platelet-rich plasma (PRP) is the volume of a plasma fraction 
of autologous blood that has platelet concentrations 
above baseline. It is an autologous concentration of human 
platelets in a small volume of plasma. 


Platelets contain multiple growth factors such as platelet- 
derived growth factor, transforming growth factor, vascular 
endothelial growth factor, and epithelial growth factor. 
These growth factors are secreted actively by platelets to 
initiate wound healing. They play an essential role in tissue 
healing and mimic the natural healing process. It has been 
investigated extensively for periodontal tissue regeneration. 
lt promotes hard and soft tissue regeneration in intrabony, 
furcation, and gingival defects. 


Meta-analysis has reported a positive effect and gain in 
clinical attachment over a period of 6-12 months with 
use of PRP in periodontal regeneration. Hence, its clinical 
significance should justify the cost of incorporating PRP 
into clinical practice. 


PLATELET-RICH FIBRIN (PRF): 


Platelet-Rich Fibrin membrane (PRF)is a second generation 
platelet concentrate which was first developed in France by 
Choukroun et al., for specific use in oral and maxillofacial 
surgery. It contains platelets and growth factors in the form 
of fibrin membranes prepared from the patient's own blood 
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free of any anticoagulant or other artificial biochemical 
modifications. lt has a dense fibrin network with leukocytes, 
cytokines, structural glycoproteins and growth factors. 


The PRF protocol is very simple: A blood sample is taken 
without anticoagulant in |O-mL tubes which are immediately 
centrifuged at 3000 rpm for IO min.A fibrin clot is then 
obtained in the middle of the tube, just between the red 
corpuscles at the bottom and acellular plasma at the top. 
Platelets are theoretically trapped massively in the fibrin 
meshes. By driving out the fluids trapped in the fibrin matrix, 
practitioners will obtain very resistant autologous fibrin 
membranes. Gassling et al., claimed superior results when 
PRF membrane was used as a scaffold for human periosteal 
cell proliferation compared to collagen.When compared to 
commercially available membranes, PRF membrane offers a 
pleasant alternative with its cost effectiveness and relative 
safety because of its autologous nature. 


Effective scaffold to induce osteogenesis. 


@ Enhances the healing process and fasten up the 
healing. 


@ Contains growth factors-helps in regeneration. 
@ It has antimicrobial properties. 


Scientific rationale behind the use of various platelet 
concentrates: These preparations contain a concentration 
of platelets which inturn contain the platelet a granules 
that are a reservoir of many growth factors (GFs 


These growth factors have are known to play a crucial role 
in hard and soft tissue repair mechanism. 


Preparation rich in growth factor (PRGF) technology 
utilizes controlled processing and centrifugation to produce 
4 different autologous and biocompatible formulations of 
platelets and fibrin. 


@ It has higher concentration of platelets and growth 
factors. 


It has reduced burst effect and has a sustained, 
progressive release of growth factors from its 3D 
fibrin scaffold. 


@ There is no risk of immune reactions and disease 
transmission. 


@ It has increased capacity for bone regeneration in 
vivo. 
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@ It does not contain leukocytes. Hence, the negative 
tissue destruction by pro-inflammatory agents can be 
avoided. 


@ The dosage can be obtained with ease, and the 
process is rapid. 


The limitations include preparation and storage of such 
plasma derivatives. 


@ The clinical benefit depends on the gap between 
blood collection and centrifugation,as PRF is prepared 
without any anticoagulants. 


@ PRF membrane should be used immediately after 
preparation, as it shrinks due to dehydration. 


@ Bacterial contamination could happen when stored 
in refrigerator. 


Platelet-Derived Growth Factor (PDGF): A 
glycoprotein carried in the granules of platelets and released 
during blood clotting; a potent growth factor for cells 
of mesenchymal origin, including fibroblasts and smooth 
muscle cells.(Glossary of Periodontal terms, 2001) 


PDGF promotes new bone formation around periodontal 
bony defects. It exerts a chemotactic effect on osteoblasts 
in periodontal and peri-implant tissues. It also enhances 
the proliferation of human gingival and PDL fibroblasts 
promoting soft tissue repair. It also helps in differentiation 
of mesenchymal stem cells. 


Its clinical success led to USFDA approval of recombinant 
human platelet-derived growth factor-BB(rhPDGF-BB) for 
treatment of periodontal osseous defects. It can also be 
used in combination with other growth factors and enamel 
matrix derivatives. PDOGF-B receptor expression is more 
likely to contribute to periodontal healing and regeneration 
than alpha receptors. 


Such therapy could be effective for severe defects of 
periodontal disease. In combination with bone grafts, 
PDGF-BB could generate upto 5mm more than bone 
grafts alone. These materials are used for bone growth 
and filling of bilateral osseous periodontal lesions. A 
recent review by Khoshkam et al demonstrated significant 
linear defect fill and clinical attachment level gain on 
treatment of periodontal intra-bony defects with 
rhPDGF-BB. 
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Parathyroid hormone (PTH): 


PTH is a major hormone that mediates bone remodelling 
and calcium homeostasis by regulating the activity of 
osteoclasts. It is now recognized that low, intermittent 
doses of PITH promotes bone formation via OPG and 
RANKL pathways. 


Recent biological active matrices embedded with PTH has 
been effective in treating osteoporosis and periodontal 
bone defects. 


Cell binding peptide (P-15): 


PI5, a synthetic 15 amino acid peptide. It is a 15 amino 
acid sequence from collagen which can mimic bone matrix 
components. It plays a significant role in bone regeneration. 
lt is supplied on a hydrogel carrier or in particulate form. 


An organic bovine hydroxyapatite matrix (ABM), 
when coupled with synthetic cell-binding peptide (PI5)in a 
sodium hyaluronate carrier (PepGenP-I5) is available as 
a bone grafting material. It is used for treatment of 
periodontal bone defects. 


Surface modification of titanium with PI5 has also shown a 
significant increased cell attachment, spreading, osteogenic 
gene expression, and differentiation. 


Cultured Periodontal Ligament Cells/ 
Mesenchymal Stem Cells And Their Possible 
Use In Periodontal Regenerative Therapy: 


The periodontal ligament plays a key role in regeneration, as 
it has several cell populations like osteoblasts, osteoclasts, 
Epithelial rests of Malassez, cementoblasts, endothelial cells, 
fibroblasts, macrophages, undifferentiated mesenchymal 
stem cells and neural elements. 


PDL cells show high alkaline phosphatase activity, produce 
mineralized nodules and bone matrix proteins in a 
conducive environment. It can differentiate into osteoblasts, 
cementoblasts, and fibroblasts. 


PDL is commonly used as a donor for cell cultivation. The 
tooth formation, eruption and establishment of occlusion 
in permanent teeth lead to changes in associated PDL. 
Based on the stages of development and tooth eruption, 
the cells within the PDL exhibit different morphology and 
express various proteins. Hence, the time of PDL harvest 
will influence the behaviour of cells in culture. 
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To evaluate the regenerative potential of PDL cells, two 
transitions play a key role. The transition from tooth- 
PDL complex to in-vitro setting and back to the tooth is 
important. There is higher gene expression in fresh tissues. 
Specific mRNA expression is notably missing in PDL cell 
cultures. 


Cell identification in-vitro using various markers like 
Periostin, Runx2 is vital. Use of primary cell cultures at 
early passages maintains the phenotype, retains biological 
activity and avoids cross-contamination. 


Immortalized PDL cells could be obtained from mouse 
molars, human impacted 3rd molars, human premolars 
extracted for orthodontic reasons, human premolars and 
molars. 


In developing molars, gene expression of BMP-5, -6 and -7 
are at high levels during PDL bundle formation but becomes 
undetected after root completion. High amounts of $100 
(marker for PDL maturation) is detected in erupted teeth, 
but it is low in erupting teeth. 


There are variations in cells isolated from healthy and 
diseased sites. About |7 genes are upregulated in human 
PDL cells under mechanical stress. 46 cytokines were 
upregulated in diseased PDL fibroblasts. 


Studies have revealed that cementum-derived cells can 
regenerate periodontium in vivo. It is also stated that 
cementum also contains numerous mitogens, growth, 
proliferative and attachment proteins. 


Similarly, variations in cells isolated from adolescents (15-19 
years) and adults (20-80 years) exist. PDL from aged tissues 
had variations in ER, collagen profile, alkaline phosphatase 
activity and osteogenic potential. 


The effect of systemic diseases and personal habits on PDL 
cells include, 


@ Biological functions of PDL cells are altered by 
smoking. 


@ Marfan syndrome type | has mutations in fibrilin-| 
gene. PDL fibroblasts exhibited lower activity. 


@ Cleidocranial dysostosis has mutations in RUNX2 
gene. PDL fibroblasts showed lesser activity of 
osteoblastic markers. 


@ In diabetes, PDL fibroblasts exhibited lower activity 
due to elevated glucose levels. 
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Periodontal regeneration with cell transplantation may 
not be economically feasible as an alternative therapy for 
prosthetics or implant restorations. 


Modes of delivery of growth factors and other 
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Growth factor enhanced matrix (GEM 21S), INFUSE, 
and Induct OS Bone graft, OP-| Implant are some of the 
commercially available materials. 


@ Covalent immobilization (Prolonged delivery of 


growth factors) 
<> Hybrid scaffolds — BMP-2 
@ Gene therapy 


proteins: 


@ Non-covalent immobilization of growth factors 
(Physical encapsulation/ surface adsorption/ionic 
complex with matrix) 


<> Hydrogels/ sponges — BMP-2, BMP-12 
<> Polymer scaffolds - bFGF 

<> Nanoparticles - Microspheres — IGF-| 
<> Injectable materials - GDF-5 

<> Composites — BMP-2 


<> Collagen matrix 
benzoate 


@ Metronidazole 


Table 52.5: Possible Scaffolds for Delivery of Growth Factors for Periodontal Regeneration 


a 


Hydroxyapatite 
sponge 


It has the structure, biocompatibility and + Periodontal regeneration. 


biodegradation suitable for regeneration. ¢ Bone regeneration. 


It is a biocompatible and biodegradable mate- 


Collagen matrix ¢ Gene therapy 


<> Chitosan/coral composite scaffold - PDGF-B 


@ Electrospun nano-fibrous scaffolds/membranes mimic 
the morphology of extracellular matrix. 


and ___ Tetracycline 


hydrochloride can be incorporated into a PLA/ PEVA 
gel for its antibacterial properties. 





rial. 
It is formed by deacetylation of chitin gels ¢ It is used in cell culture. 
Chitosan which is soluble in aqueous acidic media. It is ¢ It can be used as a scaffold to apply growth 
biocompatible and biodegradable. factors and DNA carrier. 
; It is a biodegradable, biocompatible, non- ¢ It can be used as a scaffold for bone tissue 
Silk Protein . : 
immunogenic material approved by FDA. engineering. 
¢ It is widely used in periodontal regeneration 
for drug delivery, wound dressing, and tissue 
Gelatin It is collagen denatured by partial hydrolysis. engineering. 


Gelatin-Apatite-PLCL composite mimics the 


extracellular matrix of bone. 


Fibrin glue/ fibrin It is a USFDA approved product for ° 
sealant/fibrin haemostasis, adhesive, and sealant. It is a human 
tissue adhesives plasma derivative that mimics the final stages 
of blood coagulation and form a fibrin clot. 
The combination of fibrin with biocompatible 
synthetic materials like gelatine can improve 
its physical and mechanical properties. The 
new generation of fibrin sealant has human 
fibrinogen and thrombin with bovine fibrinolysis 
inhibitor/synthetic inhibitor-tranexamic acid. 
Autologous fibrin sealants could be prepared 
with cryoprecipitate/chemical precipitation. 


and growth factors. 
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It is a natural polysaccharide derived from ¢ It can be used as a scaffold for stem cells. 


brown seaweeds. It is biocompatible, has mild * It can also be incorporated with microspheres 


gelation and low immunogenicity. 


Peptide (Poly- 
ether ester 
amide) 


@ Delivery of multiple growth factors could be done 
with 
¢ Direct presentation/entrapment 


@ Multiphase loading — cross-linked microspheres and 
scaffold 


@ Particulate-based delivery of 
factors. 


individual growth 


Barriers in therapeutics of periodontal 
regeneration: 


@ Identification of the essential growth factors that 
determine the fate of each tissue — PDL, Bone, 
Cementum 


@ Criteria to establish the dose required. 


@ Advances in pharmacokinetics and biodistribution of 
released growth factors. 


¢ Tailored products for each pathological situation for 
migration and proliferation of progenitor or stem 
cells. 


Some Surgical Techniques Used To Augment Bone 
Volume Include: 


Onlay Grafting 


@ The graft material is laid over the defective area to 
increase width, or height or both of the alveolar 
jawbone. The host bed is usually perforated with a 
small bur to encourage the formation of a blood 
clot between the graft and recipient bed. The graft 
is immobilised with screws and plates or with dental 
implants. 


(ay 


with target molecules and formed into a 
macroporous gel that encourages cellular 
penetration. 


They are nano-scale biological materials that * Peptide-amphiphile hydrogel scaffolds can be 
can be incorporated into nanocomposites. 


used for tissue regeneration. 


Inlay grafting 


@ Asection of jawbone is surgically separated and graft 
material sandwiched between two sections. 


Ridge expansion 


@ The alveolar ridge is split longitudinally and parted to 
widen it and allow placement of an implant or graft 
material or both in the void. The longitudinal split 
can be limited by placing transverse cuts in the bone. 


Distraction osteogenesis: 


¢ Distraction osteogenesis (DO) is a_ surgical 
procedure by which the gradual separation of 
osteotomized bone edges is used to induce the 
generation of large volumes of new bone. During the 
first days of distraction, the osteogenic area is 
composed of bone columns extending from each 
bone surface toward a central fibrous interzone. The 
mineralization of regenerated tissue occurs 
centripetally until the distraction gap is completely 
bridged, and an intense remodeling process takes 
place. The overall regeneration process is similar to 
intramembranous ossification. The gap created 
during the displacement of the bone segment is filled 
with an immature non-calcified bone that matures 
during a subsequent fixation period. The associated 
soft tissues are also expanded as the bone segment is 
transported. The distraction is carried out by a 
device containing a screw that could be wound 
gradually. It is of relatively recent use in periodontal 
surgery especially to increase alveolar bone volume 
for placement of implants. 
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The distraction 





«Immediately following the 
osteotomy. 


«Before distraction 






The latency phase 





eae R= 






¢The active distraction of the 
segments takes place. 

*ltis for a certain time at specific 

rates and frequencies. 





eltis characterized by bony union 
and mineralization. 


«The distraction site, the status of 
vascularization, and the age of 

the patient dictate the duration 

of consolidation. 






The consolidation 
phase 


Fig 52.8: Distraction osteogenesis 


Minimally — Invasive Periodontal 


Regeneration: 


Surgery for 


Minimally invasive surgery is a term that describes the 
use of smaller and more precise surgical procedures by 
using magnifying instruments, like operating microscopes, 
microsurgical instruments, and materials. 


Harrel and Rees proposed minimally invasive surgery (MIS) 
with the aim to produce minimal wounds, minimal flap 
reflection, and gentle handling of the soft and hard tissues. 


Cortellini and Tonettiwith the minimally invasive surgical 
technique (MIST), stressed the aspects of wound and blood 
clot stability and primary wound closure for blood clot 
protection, further enforced with the modified minimally 
invasive surgical technique (M-MIST) that, additionally, 
incorporated a tiny buccal flap also the concept of space 
provision for regeneration with biological or grafts. 


MIS can be used in combination with bone graft procedures/ 
EMP to treat intrabony defects. It uses a simplified papilla 
preservation flap/ modified papilla preservation technique. 


A single MIS could be used to treat multiple adjacent 
defects by minimally reflecting a larger flap. It is designed 
to reduce flap extension and mobility to promote blood 
clotting and wound stability. 
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MIS requires smaller instruments like small periosteal 
elevators, tiny tissue players, micro-blades, mini- 
curettes and mini scissors. As the angle of vision and 
operating area is narrowed due to minimal flap access, 
additional care is needed for the procedure. It is 
sutured with 6-0 to 8-0 for wound closure. The post- 
surgical protocol includes doxycycline |00mg BID for 7 
days, 0.12% chlorhexidine mouthrinse TID and weekly 
prophylaxis. The sutures are removed after one week. 


The advantage is that primary closure could be achieved in 
almost all cases. Chair time is shorter with limited patient 
morbidity during surgery than conventional flap procedures. 
There is reduction in complications and side effects like pain, 
edema and suppuration in post-operative period. 


The limitation is that it cannot be applied to all cases, and 
a stepwise decisional algorithm should be followed to 
decide the proper mode of treatment. 


Limitations of regenerative therapy: 


Histological studies of periodontal regeneration in 
humans have shown a_- strong _ proof-of-principle 
evidence for partially successful regenerative outcomes, 
although these remain inconsistent and somewhat 
unpredictable. The currently available regenerative 
techniques are not totally dependable except in ideal 


scenarios. 
(By) 
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Systematic reviews and meta-analysis have proven that 
regenerative techniques are effective for |-wall, 2- 
wall, and 3-wall intrabony defects or combination thereof 
from very deep to very shallow, from very wide to very 
narrow, narrow intrabony defects, and mandibular class Il 
furcation defects. GTR with osseous grafts showed 
better clinical results with reduction in probing depth and 
improved bone fill. The clinical outcome was better for 
mandibular molars than maxillary molars. 


The following results other than _ periodontal 
regeneration can also be seen: 


|. Wound healing after a non-regenerative periodontal 
therapy generally results in the formation of a long 
junctional epithelium. Since the epithelial cells cover 
the root surface, no new cementum with inserting 
collagen fibers can form. It occurs even in the 
presence of alloplastic bone fillers. This process is 
called periodontal repair. 


2. Ankylosis of bone and tooth with consequent root 
resorption. 


3. Recurrence of the pocket. 


4. Any combination of the above. 
Conclusion: 


Tissue regeneration is a complex biological process which 
requires regulated interactions between cells, local and 
systemic growth factors on an extracellular matrix. The 
reparative potential of periodontium associated with 
mature teeth is extremely limited. Its regeneration involves 
3 unique tissues in harmony. 


Hence, our understanding about all the modalities available 
should be applied to achieve complete 
periodontal regeneration. Localized drug delivery could be 
advantageous over cell transplantation and gene therapy. 


Ifa patient does not respond to one mode of regenerative 
treatment, the next method should be attempted. Prior 
knowledge about the state of the patient and existing 
periodontal condition will help to improve the therapy 
outcome. 


Hence, a combination of engineering, biomaterials, medicine 
and clinical cooperation by periodontists can utilize this 
untapped resource for betterment of oral health. 
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Section - VIII 


Review Questions: 


Essay Questions: 


|. What is periodontal regeneration? Classify and discuss 
the various bone grafts used in the management of 
osseous defects. 


2. What are growth factors? Discuss the role of their 
use in periodontal regeneration with a detailed 
description of the use of platelet-rich plasma in 
periodontal regeneration. 


3. Define the terms regeneration, repair, and new 
attachment. Discuss the biological rationale of the 
GTR use in periodontics. 


4. What is guided tissue regeneration? Classify the 


various GIR membranes and describe in detail 
PTFE 
Short notes: 
5. What is root surface biomodification? Write a 


note on the use of citric acid for root surface 
biomodification. 


6. Write a note on the regenerative capacity of the 
periodontal ligament. 


7. Write briefly about distraction osteogenesis. 
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Chapter Outline: 


e Marginal tissue recession. 

Techniques used for root coverage (gingival 
augmentation coronal to the recession). 

Healing of free autografts. 

Inadequate width of attached gingiva. 
Management of shallow vestibule. 

Aberrant frenal attachment. 

Esthetic gingival problems and their management. 


The goal of periodontal treatment is to preserve natural 
dentition and maintain a functional periodontal attachment 
to enhance comfort, function and esthetics |. Conditions 
such as marginal tissue recession (gingival recession), 
inadequate width or thickness of attached gingiva, aberrant 
frenum, and shallow vestibule are called as “‘Muco 
gingival problems” (coined by Friedman in 1957). These 
mucogingival problems are known to affect the stability 
of the periodontium. Hence, there is a need to correct 
surgically these anatomical or pathological defects to 
restore the periodontal tissues to health. 


Presently the term mucogingival surgery is defined as 
periodontal surgical procedures designed to correct defects 
in the morphology, position, or enhance the dental gingival 
junction since defects in the morphology of the gingival and 
alveolar mucosa can accelerate the course of periodontal 
disease, or interfere with the successful outcome of 
periodontal treatment. (Glossary of periodontal terms, 
2001) 


The World Workshop in Clinical Periodontics adopted 
a name originally proposed by Miller in 1993 — as 
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Gingival depigmentation 

Excessive gingival display 

Crown lengthening for aesthetic and functional purpose. 
Socket preservation. 

Surgical exposure of unerupted teeth for orthodontic 
purpose. 

Review Questions 

e Principal Sources and Suggested Further Reading 


“Periodontal Plastic Surgery’’. Periodontal plastic 
surgery is defined as “Surgical procedures performed to 
prevent or correct anatomic, developmental, traumatic or 
disease induced defects of the gingiva, alveolar mucosa or 
bone” 


Objectives of periodontal plastic surgery 


To correct 


|. Marginal tissue root 


procedures 


recession by coverage 


Inadequate width of attached gingiva 

Shallow vestibule by vestibular deepening 
Aberrant frenum by frenectomy / frenotomy 
Excessive gingival display by crown lengthening 


Deficient ridges by ridge augmentation 


aes eS YS 


Ridge collapse after extraction of periodontally 
involved teeth & socket grafting after extraction 


8. Loss of interdental papilla by papilla reconstruction 


procedures 
VY 
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9. Exposure of orthodontic un-erupted teeth required rr 
for orthodontics and 


10. Hard and soft tissue aesthetic defects around 
implants 


MARGINAL TISSUE RECESSION 


Marginal soft tissue recession is defined as the location of the 
marginal periodontal tissues apical to the cementoenamel 
junction. 


Clinical definition of Gingival Recession (Carranza 
10th ed.) 





Recession is exposure of the root surface by an apical shift 
in the position of the gingiva. 
Causes of Gingival Recession 
¢ Traumatic toothbrushing. 
Gingival inflammation. 
Gingival abrasion. 
High frenal attachment. 
Tooth mal-position 
Trauma from occlusion 
latrogenic factors 


Smoking 





Se A, A A A, A 


Psychosomatic disorders 


Z 


Fig. 53.3 Recession due to inflammation 


Objectives in root coverage procedures: Complete 
restoration of all anatomic structures in the area of 
recession 


Indications for exposed root coverage: Coverage is 
indicated only when other findings exist in addition to the 
presence of recession. 


They are: 
|. To improve esthetics/cosmetic demands 


2. Cover cervical root defects such as abrasions or 
wedge defects 





Root caries or fillings 


Fig. 53.1 Recession due to tooth malposition 


Root Hypersensitivity 


Pre-prosthetic coverage to avoid over extended crowns 


oS a 


Recurrent mucogingival defects (such as Stillman’s clefts, 
mucosal erosions) 
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Classification of Gingival Recession/Marginal Tissue —B) PD Miller (1985) 
Recession 


Table 53.1: Classification of Gingival recession (PD 
A) Sullivan & Atkins (1968): 


'Class | Marginal tissue recession that does extend 
to the mucogingival junction. No loss of 
bone or soft tissue in the interdental area, it 
can be narrow or wide. 

Class 2. Marginal tissue recession that extends to or 
beyond the mucogingival junction. No loss 
or bone or soft tissue in the interdental area 
subclassified into wide and narrow. 

Class 3 Marginal tissue recession that extends to or 
beyond the mucogingival junction. Loss of 

SHALLOW - NARROW bone or soft tissue in the interdental area, 
apical to the CEJ, but coronal to the level of 
the recession defect, or malpositioning of the 
tooth. 

Class 4 Marginal tissue recession that extends to or 
beyond the mucogingival. Loss of bone or 
soft tissue apical to the level of the recession 
defect, and/or severe tooth malpositioning. 
No root coverage can be anticipated. 


—, 
eneensne 


SHALLOW - WIDE 


To clarify his definition of complete root coverage, Miller 
included the following additional criteria: 


|. The soft tissue must be located at the CE] 
2. There is clinical attachment to the root. 
3. The sulcus depth is no more than 2mm 

4. There is no bleeding on probing 


In the Miller classification, the term recession includes both 
the visible recession and the hidden recession (Sulcus or pocket 
itself). Therefore, if the visible recession or the depth of the 
DEEP - NARROW sulcus/pocket extends beyond the mucogingival junction, the 
recession is not a Class | recession defect. Achieving complete 
root coverage is possible in Class | and Il recession defects 
primarily because the interdental soft tissue and bone are still 
intact. The amount of root coverage that can be achieved is 
related to the height of adjacent interdental bone and papilla. 





Techniques used for root coverage (gingival 
augmentation coronal to the recession) 





|. Free soft tissue graft procedures: 

DEEP - WIDE A. Free gingival graft (FGG) 

Fig. 53.3 Classification of Gingival Recession (Sullivan Ba SURE pin eNa CONNEC CUVENTsSHe eran (ear) 
& Atkins) 
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2. Pedicle soft tissue graft procedures 

A. Rotational flaps: 
¢ Laterally (horizontally) positioned flap 
¢ Double papilla flap 
¢ Oblique rotated flap 

B. Advanced flap procedures 
¢ Coronally positioned flap 
¢ Semilunar coronally positioned flap (Tarnow’s flap) 


3. Others: Include procedures along with pedicle soft tissue 
grafts 


A. Guided tissue regeneration (membranes) 
B. Pouch and tunnel technique 


C. Acellular Dermal Matrix derivative (Alloderm) 


FREE GINGIVAL AUTOGRAFT (Free mucosal 
graft or Free epithelized graft) 


Indications: 
|. Increase /widen the keratinized tissue. 
2. Increasing vestibular depth 
3. Alter gingiva contour to increase the volume of the 
gingiva 
4. Covering exposed roots in areas of progressive gingival 
recession. 
Contraindications: 
|. Where aesthetics is of much concern. 


2. Stationary recession (non-progressive recession, no signs 
of inflammation and no aesthetic concern). 


In the last decade, successful and predictable root coverage 
has been reported using free gingival autografts. The classic 
epithelialized palatal graft was originally presented as a 
gingival augmentation procedure with the treatment goal of 
establishing adequate soft tissue margin of keratinized tissue and 
to prevent further recession Thick, free mucosal grafts(22mm 
in thickness) in Millers technique demonstrated improved root 
coverage, especially when applied to Miller Class | and II lesions, 
irrespective of their width and depth. 


Advantages 
|. Successful and predictable root coverage 
2. Enhances width of keratinized tissue 


3. Can be used to correct gingival recession on multiple 
teeth 


A 
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Disadvantages 


|. Blood supply is obtained only from the recipient site 
tissue. 


2. Wound in the palatal donor site is open after harvest of 
the graft. Therefore, hemostasis and healing is delayed. 
Post-operative discomfort and pain is also present during 
healing. The wound at the donor site heals by secondary 
intention. 


3. Low predictability in attempting root coverage. 


4. Incompatible colour match with the adjacent soft tissue 
after complete healing- giving a ‘““Tire patch appearance”. 


Technique 
The classic technique: 


Step I: Root planing is performed along with root surface 
conditioning by application of citric acid for 5min. 


Step 2: Prepare the Recipient site: In treating recession/ 
augmentation coronal to recession- Make a horizontal incision in 
the interdental papillae at right angles to create a margin against 
which the graft may have a butt joint with the incision. Vertical 
incisions are made at the proximal line angles of adjacent teeth, 
and the retracted tissue is excised. Maintain an intact periosteum 
in the apical area. Cover the area with a sponge or gauze. 


Step 3: Obtain the graft from the donor site: 


@ Classic or conventional-free gingival graft technique:A 
piece of keratinized gingiva of approximately the size 
of the recipient site is transferred from areas such as 
the palate. In this technique, a partial thickness graft is 
used. Donor tissue is usually obtained from the palate, 
and the graft should consist of epithelium and a thin 
layer of underlying connective tissue. A template for 
the graft is placed over the donor site, and a shallow 
incision is made around it with a #15 blade. The blade 
is inserted to the desired thickness at one edge of 
the graft, and the graft is elevated at the edge and 
held with tissue forceps. The graft is separated with 
the blade, lifting it gently as separation progresses to 
provide visibility. Sutures are placed at the margins of 
the graft to help control it during separation and for 
transfer to the recipient site and simplifies placement 
and suturing to the recipient bed. This procedure, 
however, leaves large wounds in the donor site hence, 
some alternative methods have been proposed. 


@ Accordion technique/Mesh graft: This technique was 
described by Rateitschak et al. The acquired graft can be 
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used to cover a larger recipient area than the original graft 
size by placing alternative incisions on the edges of the 
graft and stretching the graft. 


¢ Strip technique: This technique was developed by 
Han et al Strips of palatal donor tissue (3*5 mm) are 
harvested, and then the strips are placed adjacent to each 
other and sutured. This results in faster uneventful healing 
of the donor site. This allows for faster healing since the 
resultant wound is much narrower and epithelial migration 
across the wound margins is much faster. 


¢ Combination technique: A thick palatal graft of 3 to 
4mm is acquired. It is held between two wooden tongue 
depressors and dissected longitudinally. This turns a thick, 
free gingival autograft into two parts, a free gingival graft, 
and a connective tissue graft. 


Step 4: Transfer and immobilize the graft: The sponge 
placed on the recipient site is removed if bleeding is controlled. 
The excess clot is removed, and the graft is adapted firmly to 
the recipient site. The graft is sutured to the lateral borders 
(by interrupted sutures), tooth (by sling sutures) and to the 
periosteum (by periosteal sutures) using 5-0 vicryl resorbable 
sutures, to secure it in position to prevent movement as it 
interferes with healing. Excessive tension should also be avoided 
as that can distort the graft from the underlying surface. Following 
suturing, the graft is compressed with a saline soaked gauze for 
about 5 minutes to reduce the dead space and to remove any 
blood clot in between the avascular root surface (cementum) 
and the free gingival graft. 


Step 5: Protect the donor site: The donor site should be 
covered with a periodontal pack for |-week post-operative and 
repeated if necessary. Surgical stent can also provide compression 
and protection to the donor site. The stent should extend past 
the surgical wound and should be inflexible enough to apply 
sufficient force to stop the bleeding. 


Bernimoullin Technique 


Another technique was proposed by Bernimoullin et al. which 
involves two surgical steps. In the first step attached gingiva 
was created using free gingival graft. After healing in a second 
surgical procedure, it is coronally repositioned to cover the 
gingival recession. The advantage of this procedure is the 
maintenance of continuous blood supply during the healing 
phase. The amount of attached tissue (keratinized tissue) 
created should be at least 3-5mm wide and at least |.5mm 
thick to be able to coronally reposition the flap. The use of this 
technique, however, is diminished due to the success of root 
coverage using single stage procedures. 
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FREE GINGIVAL GRAFT FOR ROOT COVERAGE & 
TO INCREASE WIDTH OF ATTACHED GINGIVA 








Fig. 53.6 Recession depth from CE] to the free 
marginal gingiva 





Fig. 53.7 Recession width 
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Fig. 53.8 Horizontal & vertical incisions 
Fig. 53.11 FGG harvesting 


Fig. 53.10 Donor site template 


Fig. 53.13 Sutured to the tooth & periosteum 
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Palatal stent for wound protection 








i é y 


Fig. 53.15 Nine months follow-up showing root coverage 
and increase in width of attached gingiva. 


SUB-EPITHELIAL CONNECTIVE TISSUE GRAFT 
(SCTG) 


The connective tissue graft, also called a subepithelial 
connective tissue graft or a free connective tissue graft, is 
the second major type of soft tissue graft. Edel (1974) used 
free connective tissue graft to increase the width of 
keratinized gingiva. In 1980, Langer and Calagna 
described the sub-epithelial connective tissue graft for 
ridge augmentation. In 1[985, Langer and Langer gave 
subepithelial connective tissue graft technique i.e. the 
connective tissue; involve the placement of the graft 
directly over the exposed root and the mobilization of a 
mucosal flap coronally or laterally for coverage of the 
graft for root coverage. (Lindhe 5th ed) 
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Currently, it is the most popular soft tissue grafting 
technique used in periodontal plastic surgery. It is the gold 
standard in root coverage techniques. 


Rationale 


The connective tissue autograft technique harvested from a 
keratinized area like in hard palate is based on the fact that 
the underlying connective tissue of the keratinized mucosa 
carries the genetic information for overlying epithelium to 
become keratinized. 


Indications 
|. Root coverage in areas of gingival recession. 


2. To improve soft tissue thickness in areas with thin 
gingival biotype. 


3. Gingival exposure of exposed implant abutment. 
4. Increase the width of attached gingiva. 


5. Soft tissue ridge augmentation of the edentulous 
area. 


6. Papillary reconstruction. 


7. Used following frenectomy to prevent the fiber or 
muscle reattachment 


8. Used to treat multiple teeth gingival recessions 
Contraindications 


|. Inadequate thickness of donor tissue. The soft tissue 
of the palatal donor site should be at least 3-mm 
thick. 


2. Broad, shallow palates, where contact with the palatal 
artery may be anticipated. 


3. Excessive fatty or glandular palatal submucosa 
Advantages 
|. High predictability. 


2. The graft receives abundant blood supply from both 
the inside of the flap and the periosteum —connective 
tissue. 


3. Wound in the palatal donor site is closed after 
harvest of the connective tissue graft. Therefore, 
hemostasis is easy, and healing is rapid. There is also 
less discomfort and pain during healing. The wound 
at the donor site heals by primary intention. 
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4. The graft merges with the surrounding tissue on 
the recipient site; therefore, results are esthetically 
pleasing. 


5. Applicable for gingival recession on multiple teeth. 


6. Carries a_ genetic 
epithelium. 


message to the overlying 


Disadvantages 
|. Technically demanding. 


2. The graft tissue is thick and hence the tissue formed 
is also thick. Gingivoplasty may be necessary post- 
operatively to obtain better morphology. 


3. In thin palatal mucosa, the connective tissue thickness 
may be less, leading to graft necrosis. 


4. May induce root resorption. 
TECHNIQUE 


Step!I: Recipient site preparation -The tooth with the 
recession defect is root planed thoroughly. Odontoplasty is 
done if required. After anesthetizing the area, incisions are 
given to elevate a flap. Care should be taken to maintain 
adequate blood supply in the area to prevent chances of 
graft necrosis. The most commonly used technique is one 
proposed by Langer and Langer. 


In this technique using a no.|5c blade, sulcular incisions are 
given along the recession defect with a horizontal incision 
across the base of the interdental papilla (approximating 
with the CE] of the tooth) so as to retain the papillary 
tip on either side of the recession defect.Vertical release 
incisions are given on either side of the horizontal incision 
preserving the papillae and extending up to the adjacent line 
angle of the neighboring teeth. A partial thickness flap is 
elevated. The flap should be at least half to one tooth wider 
than the recession defect. The flap is reflected beyond the 
mucogingival junction so that it could be coronally advanced 
after graft placement. De-epithelize the remaining portion 
of the papilla with a rotary bur or No. [5 size scalpel blade. 
Root surface conditioning can be done by the application 
of citric acid for 5minutes. 


Step 2: Donor site selection 


a. Donor connective tissue is most commonly obtained 
from the hard palate. The donor site incision should 
be at least 2mm away from the palatal gingival margin 
of the teeth. 
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b. Donor connective tissue should not be taken too 
close to the epithelial layer as the retained flap will 
not have an adequate blood supply, and the palatal 
flap will slough. 


c. It is important to avoid the greater and lesser palatine 
vessels and nerves located along this neurovascular 
line. 


d. The width of connective tissue needed for most 
grafts is determined by the extent of root exposure, 
and the amount of root coverage anticipated, but 
5 to 9 mm is usually an adequate width for donor 
tissue. 


Possible complications while harvesting: — If anatomic 
barriers are violated, complications like bleeding and 
paraesthesia occur. Bleeding can be controlled by ensuring 
proper compression and suturing. Paraesthesia occurs due 
to damage to the nerve. 


The donor connective tissue is divided into three thickness 
categories as the free epithelialized grafts: thin (0.5 to 0.8 
mm), average (0.9 to 1.4 mm), and thick (1.5 to 2.0+ mm). 


Step 3: Harvesting the donor connective tissue -There 
are several flap designs for harvesting the connective tissue 
graft. 


Trap door technique (by Edel). This is a common technique 
in which no epithelium is removed from the palate. lo make 
the trap door, three incisions (one horizontal & two vertical 
releasing incisions/two horizontal & one vertical incision- 
mesial) are given in the palate to make an outline like a 
trap door such that the flap is still attached toward the 
palatal vault. A partial thickness flap is elevated along this 
outline to expose the remaining connective tissue on the 
palate. This connective tissue is now excised (such that the 
thickness of the graft is adequate) from the palate to obtain 
a flat portion of connective tissue which can be trimmed to 
remove adipose tissue. The partial thickness flap is placed 
back and sutured after bleeding is controlled. 


Langer and Langer technique: Parallel incisions about 
|.5mm apart are made [0-12 mm anteroposteriorly in the 
palate parallel to the mid palatine suture and the palatal 
gingival margin of the teeth with vertical releases at the 
mesial and distal extent of the incision so as to connect the 
two incisions (i.e two horizontal incisions parallel to each 
other & one or two vertical incisions — mesial & distal.) 
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An incision at the base of the connective tissue between 
the parallel incisions frees the graft from the palatal bone. 
This technique can be simplified by utilizing the Harris 
Double Blade Graft Knife an instrument with 2 blades 
mounted |.5 mm apart which allows both incisions to be 
made simultaneously. This technique provides a slice of 
connective tissue with a collar of epithelium which can be 
used while suturing and aid in improving esthetic result 
during healing. 


Hurzeler’s single incision technique: The first incision is 
made with a no I|5 size scalpel blade 90 degrees to the 
palatal bone, after which the blade is reinserted at an angle 
of 135° to 180° into the first incision to undermine the 
palatal tissues toward the midline. The connective tissue 
is separated from the bone by making incisions to the 
bone on all sides of the uncovered connective tissue. The 
advantage of this technique is the simplified closure and 
healing of the wound due to the use of a single incision. 
However, the drawback of this technique is that visibility is 
compromised. 


Step 4: Transfer of the graft and suturing: The 
trimmed connective tissue is placed on the exposed root 
surfaces so as to cover the recession defect up to the 
CE] and sutured to stabilize the graft to the tooth by sling 
sutures (i.e., graft suturing). The partial thickness flap is 
now repositioned over the graft such that the flap covers 
the entire connective graft placed over the root surface 
& also is passive in nature. This reduces flap tension and 
undue exposure of the connective tissue during healing. 
The flap tension is relieved by a cut back incision in case 
of laterally repositioned flap technique or a periosteal 
releasing incision (to release the perioteal fibers) at the 
base of the flap with a new no. [5 size scalpel blade. The 
flap is then coronally repositioned & sutured with 5-0 
sling vicryl sutures. The vertical incisions are sutured with 
interrupted sutures. Donor site is sutured with sling cross 
mattress sutures. 


Step 5: Protecting the donor site: The donor site 
should be covered with a periodontal pack for | week 
post-operative and repeated if necessary. 


Periodontal Plastic & Esthetic Surgery 


SUB EPITHELIAL CONNECTIVE TISSUE GRAFT 
(SCTG) FOR MULTIPLE RECESSIONS 


(Langer & Langer technique) 
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Fig. 53.16 Miller's class | multiple recessions in 13, 14, 15 
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Fig. 53.17 Recession depth 





Fig. 53.18 Horizontal incisions at CE} 
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Fig. 53.19 Trap door approach with two parallel horizontal 
incisions and with or without vertical releasing incisions (Mesial 
and distal) -optional 
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Fig. 53.24 Six months post-operative view 100 % 
root coverage 


Fig.53.21 Donor site suturing 
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HEALING OF FREE AUTOGRAFTS 


¢ Day 0: The graft appears pale and ischemic. 


¢ Day 2-3: Epithelium of the ~ graft 
desquamates and necrotic changes are seen on 
the surface. Revascularization of the graft starts. 


¢ Day 0-3: The graft derives it nutrition only 
from the recipient bed by avascular plasmatic 
circulation. Plasmatic circulation is the plasma 
that diffuses through the coagulum. Thus, this 
coagulum should be as thin as possible. Blood clots 
in between the graft and recipient bed may hinder 
plasmatic circulation and lead to necrosis and failure 
of the graft. 


@ Day 4-5: 


a) Anastomosis between the vessels of the recipient 
bed and the graft is established. The graft starts 
turning pink. 


b) Epithelization of the graft starts from the corners 
of the recipient bed. The centre of the graft surface 
is the last to epithelize. New epithelium is seen 
within 4 days. 


@ Day 7: Rete pegs can be seen in the newly formed 
epithelium over the graft. 


@ Day 10-14: Capillaries proliferate from the recipient 
bed into the graft. The peripheries of the graft 
vascularize first followed by the center of the graft. 
The vascularity of the graft appears normal. 


@ Day |7:The graft becomes functionally integrated. 
@ Day 28/4 weeks: Complete keratinization. 


@ Week 16: Time taken for thicker grafts to heal 
completely. 


¢ Creeping attachment (Goldman & Cohen): 
The spontaneous migration of the gingival margin 
coronally over portions of previously denuded root 
surface after successful free gingival grafting over 
due course of time is called creeping attachment. 
This phenomenon is seen commonly when the 
graft is thick, and the gingival margin is grafted. It is 
seen is detected | to I2 months postoperatively 
with an average cover of Imm. The exact 
mechanism of why the creeping attachment takes 
place remains unknown. 
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LATERALLY DISPLACED FLAP 


In 1956, Grupe and Warren developed an original and 
unique procedure called the sliding flap operation for 
covering an isolated exposed root. Several modifications 
were made to the original design till Goldman and Smukler 
(1978) added the periosteally stimulated flap and a partially- 
full rotated flap which allowed a full thickness flap to cover 
the denuded root surface and a partial thickness flap to 
cover the exposed bone. 


Indication 


Isolated recession defect with adequate adjacent donor 
tissue. 


Contraindications 

|. Presence of deep interproximal pockets 

2. Excessive root prominence 

3. Deep or extensive root abrasion or erosion 
4. Significant loss of interproximal bone height 
5 


. Insufficient width of attached gingiva in the donor 
site 


Advantages 
|. It has a good success rate. 
2. Excellent colour and texture match. 


3. One surgical site with good vascularity of the pedicle 
flap 


Disadvantages 


|. Cannot be used with limited amount of donor 
keratinized attached gingiva 


2. Possibility of recession of the donor site 

3. Dehiscence or fenestration at the donor site 

4. Limited to one or two teeth with recession 
Technique 


Step |: Preparation of the recipient site: Root surface is 
planed to remove the softened cementum or to eliminate any 
prominent convexity of the root surface. Root conditioning 
is done with citric acid (pH 1.0) for 2-3 minutes.A no. I5 
scalpel blade is used to make a ‘V’shaped incision at the 
gingival margin of the denuded root, removing the lining 
epithelium and exposing the connective tissue. In case of 
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deep labial pockets and associated frena, the apex of the 
V-shaped incision is extended far and wide enough apically 
to remove them. Finally, all tissue remnants are removed 
from the area before the root is planed. 


Step 2: Preparation of the donor site: The donor 
flap should be at least | '/2 times the size of the recipient 
area to be covered and 3-4 times longer than it is wide. 
A partial thickness flap is elevated by giving a scalloped, 
inverse beveled incision at the gingival crest, using a no. |5 
scalpel. The incision extends from the ‘V’ shaped incision 
to the vertical incision and does not extend to the bone. 
This incision is stopped at the mucogingival junction. The 
interproximal papillae are partially dissected, thinned 
and maintained. A vertical incision (not extending to the 
bone) is now made with a no.!I5 blade at the donor site, 
extending far enough apically into the mucosal tissue to 
permit adequate mobility of the flap. Care should be taken 
to keep the base of the flap wider than the coronal or the 
apex of the flap to permit vascularity. (The case shown for 
this technique is a modified laterally displaced flap using 
a submarginal scalloped incision to avoid recession in the 
donor area) 


Step 3: Preparation of the pedicle flap: The flap is 
raised and reflected forward. The flap should be free enough 
to permit movement to the recipient site with no tension 
from residual muscle or connective tissue fibres. If tension 
is encountered, a cutback or periosteal releasing incision 
(Corn 1964) is given at the base of the flap to dissipate the 
tension. The pedicle flap is repositioned laterally |-2mm 
above the CE} of the recipient tooth or to the maximum 
height that the interproximal tissue will allow (Based on 
the concept that gaining root coverage is determined by 
the height of the interproximal tissues). Suturing is done 
with 4-0, 5-0 or 6-0 interrupted except for a sling suture, 
which is used to pull the papilla interproximally and hold 
the tissues tightly against the neck of the tooth. 
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MODIFIED LATERALLY REPOSITIONED / 
DISPLACED FLAP 


(Grupe et al. 1966) 








Fig. 53.27 Partial thickness flap reflection at recipient 
site-donor site 


12 Periodontics & Oral Implantology 


Chapter 53 





Fig. 53.30 Post operative view showing |00 % root coverage 
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CORONALLY ADVANCED FLAP (CAF) 


This technique was presented by Norberg in 1926. It was 
used as an alternative to lateral transposition of soft tissue 
pedicle grafts in situations with shallow recession defects 
in the maxillary anterior region. 


Indications: 
|. Wide and shallow multiple recessions. 
2. Adequate depth of vestibule 
Contraindications: 
|. Lack of keratinized tissue 
2. Shallow vestibule 
Advantages: 
|. Treatment of multiple areas of recession 
2. High degree of success 


3. If the procedure does not work, it does not worsen 
the recession 


Disadvantages: 


|. It needs two surgical procedures if the width of 
attached gingiva is inadequate (like FGG procedure 
to increase the width of attached gingiva and then 
CAF for root coverage). 


Technique: 


Step 1: A scalloped internal bevel incision is given along 
the gingival margins of the teeth having recession which is 
connected by two horizontal incisions (Mesial and Distal) 
sparing the papillae (i.e extending horizontal incision up to 
half of the papillary width at the base of the papilla both 
mesially and distally). 


Step 2: Two parallel vertical incisions (partial thickness/ 
full thickness depending upon the recipient area) extend 
from the mesial and distal ends of the horizontal incision 
crossing the mucogingival junction and into the alveolar 
mucosa. 


Step 3: Flap is elevated such that there is no tension from 
the underlying fibers and muscles. If required, scissors 
or new no.I5 scalpel blade is used to relieve the muscle 
tension. 
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Step 4: The exposed root surface is planed and conditioned 
with citric acid at PHI by burnishing with cotton pellets for 
3 -5 mins. 


Step 5: The flap is coronally displaced without tension 
and then sutured with 4-0/5-0 vicryl/nylon papillary sling 
sutures around the neck of the tooth & vertical releasing 
incisions are sutured with interrupted sutures. Periodontal 
dressing is placed if necessary. 


Creeping attachment: Goldman (1954) explained 
a mechanism of root coverage by a phenomenon called 
creeping attachment. This occurred between one month 
and one year after root coverage surgery as a result of 
migration of newly grafted attached gingiva. The amount of 
root coverage through this phenomenon is unpredictable. 


CORONALLY DISPLACED FLAP FOR ISOLATED 
MILLER’S CLASS -1 RECESSION WITH SCTG 


BP 


Fig. 53.31 Miller’s class -] recession 
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Fig. 53.32 Horizontal & vertical incisions 
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Fig. 53.33 Split thickness flap over the interdental papilla 
and full thickness flap over the root surface 
Note: the fenestration with intact marginal bone 





Fig. 53.34 SCTG harvested from palate sutured to the 
tooth by sling sutures 
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Fig. 53.35 Flap coronally advanced & Sutured With 5-0 
vicryl sling sutures 
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Fig. 53.36 Postoperative view Fig. 53.39 Root planing & root surface 


treatment Done with tetracyacline 
MODIFIED CORONALLY ADVANCED FLAP FOR 
MULTIPLE RECESSIONS 





Fig. 53.40 Perisoteal release incision made for 
Flap mobilization & coronal advancement 





Fig. 53.37 Recession from 32-42 region 








Fig. 53.41 Flap sutures with 5-0 sling vicryl sutures 


Fig. 53.38 Partial thickness horizontal incisions made in the 
shape of interdental papilla (pyramidal shape) 
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Fig. 53.42 Post op view showing partial root coverage at 
six months 


SEMILUNAR CORONALLY ADVANCED FLAP 
(Tarnow’s flap) 


It is a modification of coronally advanced flap by Tarnow 
in 1986. 
Indications 


|. Shallow recession i.e. Miller’s class | recession 
(shallow & wide 2-3 mm recession defects) 


2. Adequate width of keratinized gingiva (3mm) 
3. Maxillary teeth 
4. Moderate to thick gingiva 
Contraindications 
|. Thin gingiva. 
2. Mandibular recession 
Advantages 
|. Simple and easy to perform. 
2. Depth of the vestibule is not altered. 
3. Interdental papilla remains untouched. 
4. No need for sutures. 
Disadvantages 


|. Cannot be used when recession is more than 
2-3mm. 


2. FGG is necessary if there is underlying fenestration or 
dehiscence. 
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Technique 


Step I: Root planing and root surface conditioning is 
performed. 


Step 2:Semilunar arc shaped incision is placed with a no. 15 
size scalpel blade along the curvature of the gingival margin. 
The incision begins at one interdental site at a distance 
of 2-3mm away from the papillary tip and continues in a 
semilunar arc (similar to the CEJ) ending at the opposite 
interdental site ending 2-3mm short of the tip of the papilla. 
The incision begins in gingiva and extends far enough into 
the mucosa to cover the denuded root, and then courses 
back into gingiva. The height of the semilunar flap (mid 
facially) must be greater than the distance from the CE] 
to bone, so that the apical border of the flap in its final 
position rests on bone and not on denuded root. 


Step 3: Intracrevicular (sulcular) incision is given. 
Split-thickness dissection to free the semilunar flap is 
performed from the gingival sulcus toward the semilunar 
incision making sure that the papillary portion remains 
connected. Once the semilunar flap of tissue is mobile in 
an apicoocclusal direction, the tissue is displaced coronally 
with the midfacial tissue to the level of cementoenamel 
junction (CE}). 

Step 4: The flap is immobilized using moist gauze for 5 
minutes with gentle pressure. If it is stable, suturing is generally 
not necessary. If necessary, 5-0 or 6-0 sutures can be used 
to secure the coronally positioned gingiva to the papilla 
with two interrupted sutures or one suspensory suture. 
Periodontal pack is placed to protect the surgical site. 


SEMILINAR CORONALLY ADVANCED FLAP 
(TARNOW’S TECHNIQUE) 





Fig. 53.43 Miller’s class -] recession with CE] marked 
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Fig. 53.45 Sulcular incision connecting 





Fig. 53.46 Coronal Flap advancement Semi- lunar incision 


Fig.53.47 Postoperative view showing complete Healing 
with root coverage & increase in width of attached gingiva 


GUIDED TISSUE REGENERATION (GTR) FOR 
ROOT COVERAGE 


Pini-Prato et al. first reported the use of an expanded poly 
tetrafluoroethylene (E-PTFE) membrane to treat gingival 
recessions. Since then, a variety of membranes have been 
used to treat gingival recession to achieve new attachment 
(i.e formation of new cementum, new periodontal ligament 
and alveolar bone on an area which was previously denuded 
by disease). 


Indications: 

|. Inadequate donor tissue. 

2. To achieve new attachment 
Contraindications: 


|. Cannot be performed in thin gingiva, inadequate 
width of keratinized tissue & shallow vestibule 


Technique: 


Step I: Scaling, Root Planing, and _ root 
biomodification is done in the area of recession. 


surface 


Step 2: A crevicular incision is given in the region of 
recession. Two vertical resealing incisions are made 
extending beyond the mucogingival junction at the line 
angle of the tooth with recession. 


Step 3:A full thickness flap is raised till the mucogingival 
junction which continues as a partial thickness flap that 
will help in coronally advancing the flap. The flap should be 
reflected at least a minimum of 3 mm beyond the base of 
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the recession defect to accommodate the space for GIR .. 
membrane. 


Step 4: A trimmed membrane is adapted over the root 7 
surface. [he membrane should cover approximately 3mm | 
beyond the recession defect mesially, distally and apically. 
Coronally the membrane is placed at the cementoenamel 
junction and is sutured with a circumferential sling 
sutures. 


Step 5: The flap is then advanced coronally and sutured 
with 5-0 vicryl sling sutures around the neck of the tooth. 


GTR IN ROOT COVERAGE FOR MILLER’S CLASS 
-2 RECESSION 


eS Fig. 53.50 Partial thickness flap reflection 


Fig. 53.48 Gingival recession in 34 Fi 








- 53.51 Collagen GIR membrane trimmed to 
form interdental flange 
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Fig. 53.49 Horizontal & vertical incisions Fig. 53.52 GTR membrane sutured to the tooth by 
5-0 vicryl sling sutures 
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Fig. 53.55 Postoperative view showing partial root coverage 
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Raetzke suggested an “envelope” technique for isolated 
root coverage. 
Indications 
|. Millers class -! recessions 
2. Single isolated recession 
Contraindications: 
|. In thin gingival biotype 
2. Shallow vestibule 
3. Very narrow zone of attached gingiva 
Advantage 


|. Preserves the lateral and apical blood supply of the 
flap due to minimal incisions and flap reflection & no 
scar tissue formation. 


2. Good color matching and esthetics, better than that 
obtained with the epithelialized palatal graft. 


Disadvantages: 
|. Technique sensitive 
Technique 


Step I: The sulcular epithelium of the affected tooth is 
removed by giving an incision along the marginal gingiva, 
and the exposed root is thoroughly scaled and planed 
followed by treatment with citric acid. 


Step 2: Creating a pouch/envelope: A partial thickness 
envelope is created in the tissues surrounding the recession 
to extend beyond the mucogingival junction and double 
the width of the recession defect. 


Step 3: Harvesting connective tissue graft: A connective 
tissue graft (harvested by one of the techniques specified 
previously) twice the width of the area of recession is 
placed into the envelope, completely covering the exposed 
root. 


Step 4: Finger pressure is then applied to stabilize the 
graft until hemostasis is achieved. Tissue adhesive or 4-0 or 
5-0 vicryl horizontal mattress suture is used for close graft 
adaptation and sling sutures is placed around the neck of 
the tooth. 
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POUCH AND TUNNEL TECHNIQUE 

This technique was introduced by Edward Allen (1999) for 
use in multiple adjacent areas of recession. 

Indications 


|. In miller’s class-| and 2. Shallow-narrow or wide 
recessions 


2. In multiple gingival recessions 
Contraindications: 

|. In thin gingival biotype 

2. Shallow vestibule 

3. Very narrow zone of attached gingiva 
Advantage 


|. Preserves the lateral and apical blood supply of the 
flap due to minimal incisions, flap reflection and no 
scar tissue formation. 


2. Good color matching and esthetics, better than that 
obtained with the epithelialized palatal graft. 


Disadvantages: 
|. Technique sensitive 


2. Need separate tunneling instruments other than 
Orban’s interdental knife. 


Technique 


Step I: A partial-thickness supra periosteal envelope is 
created 3-5 mm laterally and apically to multiple adjacent 
recession defects. A tunnel is created apical to the papilla 
connecting the envelopes. 


Step 2:A subepithelial connective tissue graft is harvested 
from the palate or Acellular dermal matrix derivative 
(Alloderm Allograft) is pre-hydrated in saline at room 
temperature for 20-45 mins depending upon its thickness, 
prior to its use. The ends of the graft are beveled, and a 
suture is placed at one end of the graft to help guide the 
graft through the tunnel. The graft is then inserted from 
one end of the tunnel, and the suture is pulled to allow the 
graft to pass through the entire length of the tunnel. 


Step 3: Once the graft is in proper place in the tunnel, 
5-0/6-0 vicryl mattress sutures are given to secure the graft 
in place. Periodontal pack is placed over the surgical site. 
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MUCOGINGIVAL PROBLEMS AND ITS 
MANAGEMENT 


Mucogingival problems are 
|. Inadequate width of attached gingiva 
2. Aberrant frenum and muscle attachment 
3. Shallow vestibule. 


AmericanAcademy of Periodontology in 1996 has suggested 
indications for gingival augmentation procedures namely: 


|. To prevent soft tissue damage in the presence 
of alveolar bone dehiscence during natural or 
orthodontic tooth eruption. 


2. To halt progressive marginal gingival recession. 


3. To improve plaque control and patient comfort 
around teeth and implants. 


4. To increase the insufficient dimension of gingiva 
in conjunction with fixed or removal prosthetic 
dentistry. 


INADEQUATE WIDTH OF ATTACHED GINGIVA 


Attached gingiva is defined as that part of the gingiva 
that is firm, resilient and tightly bound to the underlying 
periosteum of the alveolar bone. 


Width of Attached Gingiva (WAG) 


WAG is the distance between the mucogingival junction 
and the projection on the external surface of the bottom of 
the gingival sulcus or the periodontal pocket (Carranza) 
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Table 53.2: Methods used to assess width of attached gingiva 


SS 


A Schiller's potassium iodide (PI) 
solution or Lugol’s iodine 


It stains keratin in non-keratinized mucosa. 
PI stains the glycogen content inside the cell. In non-keratinized mucosa, 


glycogen content is more, hence stains the alveolar mucosa, thereby 
locates mucogingival junction (MGJ). The keratinized gingiva stains orange 
and non-keratinized mucosa stains brown. 

Glycogen content is inversely proportional to the degree of keratiniza- 


tion. 
B Roll test 


The side of the probe is moved from movable (Alveolar mucosa) to the 


immovable mucosa (keratinized gingiva). Depending on the amount of 
movable mucosa the adequacy of attached gingiva is assessed. 


Cc Tension test 


Lip or buccal mucosa is moved outwards and upwards & movement of 


free gingival margin is checked for adequacy of attached gingiva. Move- 
ment of the free gingiva during this test indicates inadequate width 


attached gingiva. 


D Measurement approach 


Subtracting the sulcus or pocket depth from the total width of the 


keratinized gingiva. 


Adequate Zone of Attached Gingiva accomplishes 
the following three objectives: 


a. Enhances plaque removal around gingival margin. 
b. Improves esthetics. 


c. Reduces inflammation around natural and restored 
teeth. 


The minimum width of attached gingiva, which is required 
should withstand (or dissipate) the mechanical and 
masticatory irritational forces or stress of muscle retraction 
or It may be the minimum width of attached gingiva, which 
is sufficient to act as a buffer zone between two movable 
parts (marginal gingiva & alveolar mucosa), which can be of 
any width or dimensions. Ideally, there should be a minimum 
of Imm of width of attached gingiva to accomplish above 
mentioned three objectives. 


Tissue barrier concept (Goldman & Cohen 1979) 


They postulated that a dense band of collagenous 
connective tissue retards or obstructs the spread of 
inflammation better than a loose fiber arrangement of the 
alveolar mucosa. They recommended that increasing the 
zone of keratinized attached tissue to achieve adequate 
tissue barrier (thick tissue), thus limiting recession as a 
result of inflammation. 
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Reduced or absent attached gingiva may be due to 


the following factors: 


a. Base of periodontal pocket being apical or close to 
the mucogingival margin. 


b. Frenal and muscle attachments that encroach on 
periodontal structures like marginal gingiva or 
periodontal pockets and pull them away from the 
tooth surface. 


c. Recession causing denudation of root surface and 
creating a functional as well as an aesthetic problem. 


Methods to increase the Width of Attached Gingiva 
(WAG) 


(Gingival Augmentation apical to area of recession) 
A. Free gingival /epithelial autograft 
B. Free connective graft 


C. Apically displaced flap (Full thickness flap/ Partial 
thickness flap) 


D. Vestibular extension 
Fenestration operation) 


operation (Periosteal / 
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FREE GINGIVAL AUTOGRAFT/ FREE MUCOSAL 
GRAFT/ FREE EPITHELIZED GRAFT 


Indications, contraindications,advantages,and disadvantages 
are same as that mentioned for free gingival graft for root 
coverage except that here, FGG is used to increase width 
of attached gingva only and not for root coverage. 


Techniques: 


Step I: Thorough root planing is done after anesthetizing 
the area. 


Step 2: A horizontal incision is given to the periosteum 
at the mucogingival junction. This opens out the tissues to 
display a large recipient bed. The muscle fibres are detached 
to remove tension in the area. 


Step 3: A template is prepared using foil to outline the 
amount of free gingival graft to be harvested. 


Step 4: Free gingival autograft is harvested by one of the 
techniques previously specified. 


Step 5: The graft is transferred to the recipient site 


and sutured using 5-0 vicryl periosoteal sling sutures. 


Interrupted sutures are used to hold the graft firmly in 
place without forming dead space between the graft and 
the bed. Periodontal pack can be placed. 


FGG TO INCREASE WIDTH OF ATTACHED 
GINGIVA 





Fig. 53.56 Showing marking of muco Gingival junction 
with inadequate zone of attached gingiva leading to 
progressive Gingival recession in 31& 41. 
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Fig. 53.57 Initial incision & mucosal flap separation 


Fig. 53.58 FGG harvested from palate 





Fig. 53.59 FGG sutured over the periosteal bed 
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Fig. 53.61 After -showing increased zone of attached gingiva 
FREE CONNECTIVE TISSUE GRAFT (Edel 1974) 


This technique is based on a concept that, the connective 
tissue carries the genetic message for the overlying 
epithelium to become keratinized. Therefore, connective 
from a keratinized area only can be used as a graft. 


Indications, contraindications, advantages and disadvantages 
similar to what is previously mentioned for root coverage 
procedure, except that the connective tissue graft 
harvested from the hard palate is placed directly over 
the periosteal bed and sutured unlike, subepithelial 
connective graft technique for root coverage. 


Technique: 


A. Recipient site: Similar to recipient site preparation 
for free gingival graft to increase width of attached 
gingiva. 
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B. Donor site: Similar to the donor site preparation 
for subepithelial connective tissue graft. 


APICALLY DISPLACED FLAP (Friedman 1962) 


Indications: 
|. Used for pocket elimination 


2. For widening the zone of attached gingiva around 
multiple teeth 


3. Crown lengthening for multiple teeth 
Contraindications: 
|. In isolated areas of inadequate width of attached 
gingiva 
2. In the aesthetic zone 


3. Inadequate crown root ratio and possible areas 
of furcation exposure. (In furcation areas, partial 
thickness flap is advised) 


Advantages: 

|. No second surgical donor site 

2. No donor site morbidity 

3. Eliminates pockets 

4. Improves accessibility for patient maintenance 
Disadvantages: 

|. Unaesthetic root exposure 

2. Root caries 

3. Hypersensitivity 

4. Greater post-operative pain 

5. Cannot predictability deepen the vestibule 
Technique: 


This technique uses partial thickness or full thickness flap, 
to increase the zone of keratinized gingiva. 


Step I: A reverse bevel incision is made using a scalpel 
with a Bard-Parker blade (No. |2B or No. [5). The incision 
depends on the pocket depth as well as the thickness and 
the width of the attached gingiva. 


Step 2: Vertical releasing incisions extending out into 
the alveolar mucosa (i.e. past the mucogingival junction) 
are made at each of the endpoints of the reverse incision, 
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thereby making possible the apical repositioning of the 
flap. 


Step 3: A full thickness mucoperiosteal flap including 
buccal/lingual gingiva and alveolar mucosa is raised using 
a mucoperiosteal elevator. The marginal collar of tissue, 
including pocket epithelium and granulation tissue is 
removed with curettes, and the exposed root surfaces are 
carefully scaled and planed. 


Step 4: The alveolar bone crest is recontoured with the 
objective of recapturing the normal form of the alveolar 
process but at a more apical level. The osseous surgery is 
performed using burs and/or bone chisels. 


Step 5: Following careful adjustment, the buccal/lingual 
flap is repositioned to the level of the newly recontoured 
alveolar bone crest and secured in this position with 
interrupted sutures. [he edge of the flap may be located in 
three positions in relation to bone as follows: 


|. Slightly coronal to the crest of the bone- Preserves 
the attachment of supracrestal fibers, may also 
result in thick gingival margins and interdental papilla 
with deep sulci and may create risk of recurrent of 
pockets. 


2. At the level of the crest- This gives a satisfactory 
gingival contour, provided the flap is thinned. 


3. Two millimeters short of the crest- produces the 
most desirable firm tapered gingival contour & the 
same post-treatment level of gingival attachment as 
obtained by placing the flap at the crest of the bone. 


Step 6:A periodontal dressing should, therefore, be applied 
to protect the exposed bone and to retain the soft tissue 
at the level of the bone crest. 


(Please see the section on crown lengthening for case 
photographs of apically displaced flap) 


MANAGEMENT OF SHALLOW VESTIBULE 


The vestibular depth is necessary 
|. To perform adequate plaque control measures. 
2. For proper placement of removal prosthesis 


Vestibular depth: Measured from CE] to the floor of 
the vestibular fold, minus the distance from the CE] to the 
gingival margin | 3. 
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Minimal attached gingiva with adequate vestibular depth 
may not require surgical correction if proper atraumatic 
hygiene is practised with a soft brush. Minimal amount 
of keratinized attached gingiva with no vestibular depth 
usually benefit from the mucogingival correction. 


Vestibuloplasty Techniques 
A) Labio-buccal vestibuloplasty 
Mucosal Advancement Vestibuloplasty 
|. Closed submucous vestibuloplasty 


2. Open view submucous vestibuloplasty (Obwe- 
geser procedure) 


Secondary epithelialization vestibuloplasty 
|. Clark technique 

. Godwin’s technique 

. Lipswitch technique 


. Kazanjian’s technique 
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. Labial approach technique 
Grafting vestibuloplasty 
— Obwegeser technique 
B) Lingual vestibuloplasty 
|. Caldwell technique 
2. Trainer’s technique 
3. Obwegeser technique 
C) Combination of buccal & lingual vestibuloplasty 
— Obwegeser technique 


The most common technique followed to deepen the 
vestibule for periodontal purpose is 


|. Vestibular extension technique 
2. Fenestration operation/ periosteal separation 
Technique 


Step |: A horizontal incision is made through the mucosa 
only at the muco-gingival junction. 


Step 2: Mucosa is dissected by partial thickness flap or 
separated from the submucosa towards the lip so that a 
large mucosal flap is formed. 
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Step 3: Periosteal separation is done at the base of the flap 
by sharp dissection. 


Step 4:Subperiosteal dissection is then done to the desired 
extent of the vestibular deepening. 


Step 5: The stripped periosteum is sutured with the lip 
mucosa by continuous interlocking stay sutures. 


Step 6: Periodontal dressing is placed in the deepened 
vestibule as it acts as a stent preventing epithelial migration 
and also prevents patient discomfort. 


PERIOSTEAL SEPARATION /FENESTRATION 
WITH PLATELET RICH FIBRIN (PRF) 





Fig. 53.64 Mucosal Flap released & periosteal 
fenestration completed 





Fig. 53.62 Shallow vestibule 


Fig. 53.65 Platelet Rich Fibrin (PRF) placed over the site 
and periosteum sutured with lip mucosa by continues 
sutures 





Fig. 53.63 Incision at the muco gingival junction 





Fig. 53.66 Periodontal dressing placed 
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Fig.53.67 Post operative view 


ABERRANT FRENAL ATTACHMENT 


Definition: 


A frenum is a fold of mucous membrane usually with 
enclosed muscle fibers; that attaches the lips and cheeks 
to the alveolar mucosa and/or gingiva and underlying 
periosteum. 


Frenums are located between central incisors and canine- 


premolar area, both in maxilla and in mandibular mucosa. 


The frenum is a part of normal oral anatomy but sometimes 
may restrict movement of the lip, cheek or tongue or may 
impinge on the gingiva. 


Types of Frenum: 
|. Labial frenum 
2. Lingual and buccal frenum 
Forms of frenal attachments (Placek et al. 1974) 
|. Mucosal 
2. Gingival 
3. Papillary 
4. Papillary penetrating 
Associated problems 
|. Abnormal labial frenum can cause mid-line diastema. 
2. Tension on the frenum may tend to open the sulcus. 


3. Frenum that encroaches the margin of the gingiva 
may interfere with plaque removal 
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Tests for abnormal frenum - Blanch test — when the lip is 
manually extended, the gingival margin should not move or 
blanch. Blanching indicates that the blanch test is positive. 


Frenectomy: 


Frenectomy is complete removal of the frenum, including 
its attachment to underlying bone and may be required 
in correction of an abnormal diastema between maxillary 
central incisors. 


Frenotonyy: is the incision and relocation of the frenal 
attachment. It is a repositioning procedure. 


Frenectomy and frenotomy are different degrees of the 
surgical approach. 


Indications: 
|. To facilitate oral prophylaxis. 
2. To facilitate orthodontic treatment. 


3. To eliminate tension on the gingival margin which 
may lead to gingival recession. 


4. To improve smile, if frenum prevents it. 
Contraindications: 


It is not desired prior to orthodontic therapy as scar tissue 
formation hinders orthodontic closure of diastema. 


Complications: 

Scar tissue formation is the only possible complication. 
Techniques 

|. Simple excision of frenum 

2. Z-plasty 


Localized vestibuloplasty with secondary epithelization 
is done when frenal attachment has a wide base. 


Labial Frenectomy by simple excision of frenum 


Step |: Local infiltration anesthesia is used to anesthetize 
the labial frenum at its origin and insertion. 


Step 2: Once the anesthesia is secured, upper lip is everted 
so that the frenum is kept taut. 


Step 3: Using two hemostats, the fibers of the frenum are 
locked. The hemostats are kept in such a way that their 
tips frenum which has to be removed lies within the 
hemostat. 
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Step 4: Using a No: [5 BP blade, the frenum is excised by 
cutting the outer surface of both the hemostats so that 
the excised tissue comes out separately along with the 
hemostats. 


Step 5: The wound has the diamond or rhomboid shape. 


Step 6: The lateral margins of the wound are undermined, 
and the wound is sutured without tension. 


Frenectomy with a gingival graft: 


It is indicated in areas of high frenal attachment with 
an inadequate width of attached gingiva and shallow 
vestibule. 


Advantages 
|. Increases the amount of attached gingiva. 
2. Eliminates the aberrant frenum at the same time. 
3. Prevents papillary recession and 
4. Prevents reattachment of the resected frenum. 
Complications: 


Possible complication will be colour mismatch if the patient 
has melanin pigmented gingiva, and the donor tissue is 
palate. Io overcome this graft may be procured from the 
buccal gingival tissue along the second - third mandibular 
molar region. 





Fig. 53.68 Gingival frenal attachment 
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Fig. 53.69 Diode LASER excision 








Fig.53.71 Post operative healing with no scar formation 


Lingual Frenotomy (For treatment of tongue tie / 
Ankyloglossia) 


Step |: Nerve block anesthesia of inferior alveolar nerve 
and lingual nerve is performed. Local infiltration might 
disturb normal anatomy of the region and interfere with 
accurate incision. Once anesthesia is secured, a 3-0 silk 


Hy 
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suture is passed through the midline of the tongue around 
2 cm from the tip. This is done to hold the tongue up so 
that the frenum becomes taut. 


Step 2: Using a sharp scissors, a cut is made |-2 cm midway 
between the tip of the tongue and the lingual surface of the 
mandible. 


Step 3: The cut is made in such a way that the blades of 
the scissors are parallel to the floor of the mouth. 


Step 4: Care should be taken not to injure the 
submandibular duct, salivary caruncle and the blood 
vessels in the floor of the mouth. 


Step 5: The wound margins are undermined, approximated 
and closed without tension. 





Fig. 53.73 Patient inability to protrude the tongue 
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Fig. 53.74 Diode LASER excision 
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Fig. 53.76 Post-operative healing at 2 months 
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Fig. 53.77 Post-operative view at 2 months 


ESTHETIC GINGIVAL PROBLEMS AND THEIR 
MANAGEMENT 


Table 53.2: Esthetic gingival problems and 
their management 


problem 


|. Excessive gingival Crown lengthening and/ 
display/ exposure Lip repositioning surgery 





2. Excessive gingival Gingivectomy / Gingivo- 
overgrowth plasty 
3. Excessive gingival Depigmentation proce- 
melanin pigmentation dures 
4. Gingival recession Root coverage proce- 
dures with or without 
gum veneer 
5.  Interdental black Papilla Reconstruction. 
triangle 


GINGIVAL DEPIGMENTATION 


Oral melanin pigmentation is well documented in the 
literature and is considered to have multifaceted etiologies 
including genetic factors, tobacco use, systemic disorders 
(Addison’s syndrome, Peutz-jegher’s syndrome and von 
Recklinghausen’s disease, neurofibromatosis) and prolonged 
administration of certain drugs especially antimalarial 
agents and tricyclic antidepressant. 
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Various techniques of removing the pigment layer 


A. Surgical method of de-pigmentation 
|. Scalpel surgical technique. 
2. Electrosurgery 


3. Cryosurgery: Cryosurgical apparatus are used in 2 
basic techniques. 


Open system were, cryogen (carbon dioxide snow 
— 79 degree C or liquid nitrogen -196 degrees C) 
is directly sprayed or applied to the tissues and 
the closed system using cryoprobe for application 
on the tissues. 


Closed system offers a significant level of control, 
but instrumentation is more complex, the depth 
of freezing being, in general, less profound than 
with the open system. 


4. Lasers 


a. Neodymium; Aluminum-Yttrium-Garnet (Nd- 
YAG) lasers. 


b. Erbium-YAG lasers. 
c. Carbon-di-oxide CO2 laser 


B. Chemical methods of de- pigmentation: Hirschfeld 
in 1951 used mixture of phenol (90%) and alcohol 
(95%). 


Methods aimed at masking the pigmented gingiva 
with grafts from less pigmented area 


|. Free gingival graft 15 


2. Acellular dermal matrix allograft 16 
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Fig. 53.78 Rotary method —Before 
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Fig. 53.81 After 3 weeks 
INTERDENTAL PAPILLA RECONSTRUCTION 


Loss of interdental papilla is due to 


|. Loss of periodontal support because of plaque- 


associated lesions. 
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. Abnormal tooth shape 
. Improper contours of prosthetic restorations 


. Traumatic oral hygiene procedures 
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. latrogenic causes like following pocket eradication 
periodontal therapy. 


Problems with open interproximal spaces 


|. Aesthetic concerns (contour and texture of 
Keratinized tissue) 


2. Phonetic difficulties 
3. Food impaction 


4. With treatment point of view -limited blood supply 
and access, in performing papilla preservation and 
papilla reconstruction techniques. 


Classification of loss of interdental papilla (IDP) 
(Norland & Tarnow 1998) 


Normal: IDP fills embrasure space to the apical extent of 
the interdental contact point/area. 


Class I: The tip of the IDP lies between the interdental 
contact point and the most coronal extent of the inter- 
proximal CE] (space present but interproximal CE] is not 
visible) 


Class-II: The tip of the IDP lies at or apical to the inter- 
proximal CE] but coronal to the apical extent of the facial 
CE] (inter-proximal CE] visible) 


Class-Ill: The tip of the interdental papilla lies level with 
or apical to the facial CE]. 
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FACIAL CEJ 


INTERPROXIMAL 
CEJ 





ll CSCdUNNTERDDDENNTAALL 
CONTACT POINT 





NORMAL CLASS | 


FACIAL CEJ 


INTERPROXIMAL 
CEJ 





—S———e———————— INTERDENTAL 
CONTACT POINT 


CLASS Il CLASS Ill 


Fig. 53.82 Classification of loss of IDP (Norland and Tarnow 1998) 


MANAGEMENT OF OPEN INTER PROXIMAL 
SPACE 


A. Nonsurgical methods: (“Creeping” or “Squeezing 8B. Surgical methods: 


“papilla formation . 
pap ) |. Papilla recontouring 


|. Correction of traumatic oral hygiene 
2. Papilla Preservation 


2. Restorative / prosthetic restorations — gingival 


mask — Acrylic /porcelain 3. Papilla Reconstruction (only — soft tissue 


augmentation) 
3. Orthodontic approach — forced eruption 
a) Pedicle flap with papilla preservation (Beagle et 


al. 1992) 


b) Semilunar coronally repositioned papilla (Hans 
and Takei 1996) 


c) Enveloped Flap technique (Azzi et al. 1998) 


a) Angulating Maxillary central incisor roots 
distally 


b) Midline Diastema closure 


c) Intrusion- In case of combined management of 
periodontal and orthodontic treatment. 

4. Both soft and hand tissue augmentation- Techniques 
to treat underlying periodontal bone defect with 
bone grafts along with soft tissue augmentation. 


4. Repeated curettage of the papilla. 


5. Local enlargement of papilla by injection or 
implantation of material use in modern plastic 
surgery. 
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INTERDENTAL PAPILLA RECONSTRUCTION 
(Hans & Takei 1996) 





- | Fig. 53.86 SCTG & flap sutured 
EEE 7 
Fig. 53.83 Class -| papillary recession in || & 21 : 





Fig. 53.87 Postoperative view showing 100 % papilla fill 


- — EXCESSIVE GINGIVAL DISPLAY (GUMMY SMILE) 
Fig. 53.84 Semilunar incision TS 
—— An aesthetic or pleasing smile is composed of 3 primary 
components 
|. The teeth, 


2. Lip framework, and 


3. The gingival scaffold. 


An ideal esthetic and pleasing smile presents the following 
characteristics 


(1) Minimal gingival exposure, 
(2) Symmetric display and harmony between the 
A nil maxillary gingival line and upper lip, 


(3) Healthy gingival tissue filling the entire interproximal 


Fig. 53.85 Tunnel prepared under the papilla & spaces, 


SCTG placed under the papilla 
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(4) Harmony between the anterior and posterior 
segments (occlusal plane), 


Teeth in correct anatomy and proportion (form and 
position), 


(3) 


Proper color and shade of the teeth, and 


(6) 
(7) 


Lower lip parallel to the incisal edges of the maxillary 
anterior teeth and to the imaginary line going through 


the contact points of these teeth. 


The description excessive gingival display (EGD), commonly 
called gummy smile, is used when there is an overexposure 
of the maxillary gingiva during a smile. 





Fig. 53.89 Excessive gingival display 
CLINICAL EXAMINATION 


FACIAL EXAMINATION 


Facial symmetry and proportions in both frontal 


and lateral views 


Assessment of facial symmetry is made with respect to the 
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interpupillary line. This horizontal line divides the face into 
equal halves. 


Face height is usually analyzed by dividing the face into 
thirds. The middle and lower thirds are more involved in 
the esthetic consideration of the patient. 


The lower third can be further divided by the stomion into 
upper one-third and lower two-thirds. 





Fig. 53.90: Facial symmetry 


The diagram showing the middle third of the face measured 
from glabella to subnasale should equal the lower third of 
the face, measured from the subnasale to the lower border 
of the chin (Soft tissue menton) 







Glabella 


Width equal to 
brow -to-chin 


Subnasale 


| Soft tissue menton 


Fig. 43.91: Mid-Facial symmetry 


Fay 
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Upper lip length at rest Smile line 


Upper lip length is measured from the subnasale to the Parallelism between the curvature of the inner border of 
lower border of the upper lip (stomion). The average lip lower lip and the hypothetical line made along the anterior 
length is 20 to 24 mm in young adults and tends to increase four maxillary teeth edges is the parameter considered in 
with age. smile line. 


Smile line is divided into three types: parallel, straight, and 
reverse 


Lower border 
of the upper lip 





Fig. 53.92: Upper lip length at rest 
Display of maxillary central incisors at rest 


Maxillary central incisor display at rest, on average, is 3 to 4 
mm in young women and 2 mm in young men, and it tends 
to decrease with age. Fig. 53.93: Smile line 


Amount of gingival exposure during rest, speech, smile,and Ideal lip line and smile line: In full smile, the maxillary lip 
laughter. moves to the tooth gingiva interface on the central incisors 
and canines (Lip line). The incisal edges of the maxillary 
anterior teeth should parallel the mandibular lip (smile 
line) 


During an extensive smile, the upper lip should rest at 
the level of the midfacial gingival margins of the maxillary 
anterior teeth. 


Lip line 
The position of the upper lip is relative to the maxillary 


incisors and gingiva during a natural full smile. 


A high lip line reveals the entire crown of the tooth and 
an abundant amount of gingiva (excessive gingival display). 


In the average / middle lip line, 75% to 100% of the crowns 
is revealed with the interproximal gingiva. 


A low lip line is when less than 75% of the crowns is 
revealed. A low smile line is predominantly a male 
characteristic, whereas a high smile line is predominantly 
a female trait. 





An ideal lip line conducive for an excellent smile is one 
where the upper lip reaches the interdental gingival margin Fig. 53.94 Showing excessive gingival display due to 
during smile. high lip line 
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Gingival margin outline 


Harmony should exist between the gingival line in the anterior 
and posterior segments. The outline of the gingival margins 
should be parallel to both the incisal edges and the curvature 
of the lower lip. 


Gingival Zenith - The gingival margins of the maxillary central 
incisors and the canines should be symmetric and in a more 
apical position than those of the lateral incisors. It is the apical 
most points of the gingival margins, and it is located distal to 
the long axis of the tooth. The relative contours of the gingival 
margins of the upper incisors and cuspids greatly influences 
overall facial esthetics. 


Gingival line 


It is an imaginary line drawn by joining the zeniths of central 
incisors and canines. 


RELATION OF GINGIVAL ZENITH TO THE LONG AXIS OF TEETH 





GINGIVAL ZENITH OF LATERAL INCISOR SHORT BY 0.5 mm 


Fig. 53.95: Gingival zenith 
Negative space 


It is a space that becomes evident between the jaws while 
laughing and mouth opening. It appears at the corner of the 
mouth as well in smiling. This space is due to the result of 
difference existing between the width of the maxillary arch 
and the breadth of the smile. This have been described to be 
in golden proportion with the anterior smiling segment. 


ETIOLOGY OF GUMMY SMILE 
Table 53.3: Etiology of gummy smile 
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INTRA ORAL EXAMINATION 


Occlusal plane 


The occlusal plane should closely coincide with the 
imaginary line connecting the commissures of the lips and 
two-thirds the height of the retromolar pad. In this way, 
during a smile, there is mild exposure of the tips of the 
mandibular canines and premolars. 


Harmony of the dental arches. 


The anterior (incisal part) and posterior segments should 
be in harmony with one another and have no major 
discrepancies. 


Anatomy, proportions, and color of the teeth 


Lombardi et al.in 1973 pointed out the importance of the 
proportions between width and length in the dimensions 
of individual teeth.A comparison between the anatomic 
crown height (incisal edge to cementoenamel junction 
[CE}]) and the clinical crown height (incisal edge to free 
gingival margin) will help determine whether short clinical 
crowns are a result of incisal wear or of a coronal 
position of the gingival margin over the teeth. 


Periodontal examination 


The width and thickness of the keratinized attached 
gingiva must be measured, as well as probing depth, clinical 
attachment level, and crestal bone level with respect to the 
CE]. The position of the free gingival margins relative to the 
CE] is also an important parameter to be measured. 


Skeletal (ela dco: aat- > dite ay Cho Rotation of the maxilla 


Dental Short clinical 
crown 
Soft tissue Morphologically short upper lip 


Periodontal Altered passive eruption/ Delayed 
eruption 
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Extruded incisors Loss of torque on anteriors Normal compensation of class Il 


malocclusion 


Hypermobile upper lip 


Gingival hyperplasia 
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|. Altered /Delayed passive eruption 


Passive eruption is a normal condition in which the 
gingival margins recede apically to the level of the CE] 
after the tooth has erupted completely. In cases in 
which the gingival margins fail to recede to the level 
of the CE], the condition is named altered passive 
eruption. Because the gingival tissues are positioned 
coronal to the CE], the teeth appear short and 
Square. 
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The alveolar crest may be at the level of the CEJ or | to 
2 mm apical to it, as exists in a healthy condition. Parallel 
radiography will help determine the level of the alveolar 
crest interproximally, and probing to bone (sounding) will 
determine its level facially and orally. 


2. Anterior dentoalveolar extrusion 


Overeruption of the maxillary incisors with their 
dentogingival complex leads to a more coronal 
position of the gingival margins and excessive gingival 
display. This condition may be associated with tooth 
wear at the anterior region (compensatory incisor 
overeruption) or with anterior deep bite. In cases 
with deep bite, there is usually a discrepancy in the 
occlusal plane between the anterior and posterior 
segments. 


Treatment of this condition may include orthodontic 
intrusion of the involved teeth moving the gingival 
margin apically, surgical periodontal correction with 
or without adjunctive restorative therapy or an 
interdisciplinary, comprehensive treatment plan. 


Table 53.4: A classification for altered passive eruption was suggested by Coslet et al. 


Gingivectomy with osseous resection 


Apically displaced flap without osseous resec- 
tion 


Type I[A_ Excessive amount of keratinized gingiva with normal Gingivectomy 
alveolar crest-to—CE] relationship 

Type IB_—_— Excessive amount of keratinized gingiva with os- 
seous crest at the CE] level 

Type 2A ~— Normal amount of keratinized gingiva with Normal 
alveolar crest—-to—CE] relationship 

Type 2B.) =Normal amount of keratinized gingiva with osseous 


crest at the CE} level 





Fig. 53.97: Anterior dentoalveolar extrusion 
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Apically displaced flap with osseous resection 


(For detailed description of periodontal surgery for altered passive eruption, see next section on crown lengthening) 


3. Vertical maxillary excess (VME) 


This condition involves an overgrowth of the maxilla 
in the vertical dimension. Many times, it appears with 
a long-face syndrome. An increase in facial height 
appears mainly in the lower half of the face, and in 
contrast to overeruption of the maxillary incisors, 
harmony of the occlusal plane between the anterior, 
and the posterior segments is found. Because the 
occlusal plane is relatively lower than normal , 
individuals with VME will have an excessive gingival 
display with the lower lip covering the incisal edges 
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of the maxillary canines and premolars.VME is confirmed with a cephalometric radiograph reading. 


The treatment for VME includes orthodontic intrusion, periodontal and restorative therapy, in severe cases of VME 
(>8mm of gingival & mucosal display), Le Fort | osteotomy orthognathic surgery is done. 





Fig. 53.98: Vertical maxillary excess (VME) 


4. Short upper lip: The upper lip is shorter than 15 mm, measured from the subnasale to the lower border of the 
upper lip (stomion). 





Fig. 53.99: Short upper lip 
5. Hyperactive mobile upper lip 


This condition represents increased activity of the elevator muscles of the upper lip during smile. 





Fig. 53.100: Hyperactive mobile upper lip 
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Table 53.5: Various treatment modalities for short and hypermobility of upper lip 


ST per ars eae epra wate Suggested aS ULL plan for gummy smile due to short and hyper- 
mobility of upper lip 





Rubenstein & Kostianosky (1973) Lip adhesion technique- Elliptical portion of the gingiva & buccal mucosa 
excised & borders approximated & sutured. 


Litton & Fournier (1979) Muscle detachment from bony structures above to bring lip down 

Miskinyer (1983) Myectomy & partial resection of levator labii superioris 

Ellenbogen (1984) Spacer either as nasal cartilage or prosthetic material between the stumps to 
prevent the muscles from being united 

Rus & La Trenta Subperiosteal dissection of upper lip elevators 

Ezqurra Gingival & alveolar bone remodelling surgery 

Mario Polo (2005) Botulinum toxin type A injection 

Kamer’s technique Horizontal strip of labial mucosa is excised from superior upper lip & an inferi- 


orly based mucosal flap is developed from opposing alveolar mucosa & sutured 
to the inferior border of excised area which lowers the height of gingivolabial 


sulcus 
Calhoun Smile immobilization 
Rosenblatt A, Simon Z (2006) Lip Repositioning for reduction of excessive gingival display 


LIP REPOSITIONING SURGERY FOR HYPER 
MOBILE UPPER LIP (GUMMY SMILE) 





Fig. 53.102 Incision design from MG] to depth of 
the vestibule excluding frenum 





Fig. 53.101 Gummy smile due to hypermobile Upper lip 
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Fig. 43.104 Mucosa sutured at MGJ 





Fig. 43.103 Diode LASER used for excision 
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Fig. 43.105 Post-operative healing at | month 


Fig. 43.106 Post-operative extra oral view 
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To summarize: Flowchart to determine correct aetiology of excessive gingival display (Silberberg et al. 2009) 


Excessive gingival and teeth display 
Increased incisor Normal incisor 
exposure during rest exposure during rest 
Normal lip ort ; Normal clinica 
length upper lip crown length 


Difference between anterior Harmonious Incisal No Hyperactive mobile 
and posterior occlusal planes occlusal plane attrition attrition upper lip 


Incisor [| VME | Differential diagnosis 


overeruption 


ncisor Altere ingiva 
overeruption eruption hyperplasia 
(compensatory) (1 or more teeth) 





CROWN LENGTHENING FOR AESTHETIC & 
FUNCTIONAL PURPOSE 


Biologic Width Anatomy 


The natural seal that develops around both, protecting 
the alveolar bone from infection and disease, is known 
as the biologic width. The biological width is defined as 
the dimension of the soft tissue, which is attached to the 
portion of the tooth coronal to the crest of the alveolar 
bone. This term was based on the work of Gargiulo et al. 
(1961), who described the dimensions and relationship of 
the dentogingival junction in humans as follows: 





|. The average sulcus depth of 0.69mm 
2. The average junctional epithelium of 0.97mm 


3. The average supra alveolar connective tissue 
attachment of |.07mm (range of |.06-!.08mm) 


The combined dimension of the connective tissue 
attachment and junctional epithelium averages to 2.04mm ’ 
& this is called the “biologic width.” 





Fig. 53.107 a) Histological sulcus (0.69mm), 
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Fig. 53.107 b) Epithelial attachment (0.97mm), c) Connective 


tissue attachment (I.07mm), d) Biologic width (b+c). 


Evaluation of Biologic Width Violation 


A. 


Clinical Method: Thesigns of biologic width violation 
are: Chronic progressive gingival inflammation around 
the restoration, bleeding on probing, localized gingival 
hyperplasia with minimal bone loss, gingival recession, 
pocket formation, clinical attachment loss & alveolar 
bone loss. Gingival hyperplasia is most frequently 
found in altered passive eruption and subgingivally 
placed restoration margins. 


Bone Sounding: The biologic width can be identified 
by probing under local anesthesia to the bone level 
(referred to as “sounding to bone’) and subtracting 
the sulcus depth from the resulting measurement. 
If the distance is less than 2 mm at one or more 
locations, a diagnosis of biologic width violation can 
be confirmed. 


Radiographic Evaluation: Radiographic 
interpretation can identify interproximal violations 
of biologic width. However, on the mesiofacial and 
distofacial line angles of teeth, radiographs are not 
diagnostic because of tooth superimposition. 


SURGICAL CROWN LENGTHENING 


Crown lengthening surgery is designed to increase clinical 
crown length. 


Indications 


Inadequate clinical crown for retention due to 
extensive caries, subgingival caries or tooth fracture, 
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root perforation, or root resorption within the 
cervical |/3rd of the root in teeth with adequate 
periodontal attachment. 


2. Short clinical crowns due to gingival overgrowth or 
altered passive eruption. 


Placement of subgingival restorative margins. 


4. Unequal, excessive or unaesthetic gingival levels for 
esthetics. 


5. Planning veneers or crowns on teeth with the gingival 
margin coronal to the cementoenamel junction 
(delayed passive eruption). 


> 


Teeth with excessive occlusal wear or incisal wear. 


7. Teeth with inadequate interocclusal space for proper 
restorative procedures due to supraeruption. 


8. Restorations which violate the biologic width. 


9. In conjunction with tooth requiring hemisection or 
root resection. 


10. Assist with impression accuracy by placing crown 
margins more supragingivally. 


Contraindications 


|. Deep caries or fracture requiring excessive bone 
removal. 


2. Post surgery creating unaesthetic outcomes. 


UJ 


Tooth with inadequate crown root ratio (ideally 2:1 
ratio is preferred) 


Nonrestorable teeth. 
Tooth with increased risk of furcation involvement. 


Unreasonable compromise of esthetics. 


1 o> i 


Unreasonable compromise on adjacent alveolar bone 
support. 


Surgical crown lengthening may include removal of soft 
tissue alone or removal of both soft tissue and alveolar 
bone. 


External Bevel Gingivectomy 


Gingivectomy can be used only in situations with hyperplasia 
or pseudopocketing (>3mm of biologic width) and presence 
of an adequate amount of keratinized tissue. Gingivectomy 
can be performed using special knives (Kirkland and Orban) 
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or by electrotomy. However, electrotomy has certain 
disadvantages such as causing bone necrosis and burning 
of the margin, leading to uneven margin levels. Therefore, 
following electrosurgery, conventional gingivectomy using 
special knives is necessary. 


+ 
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Fig. 53.108 Crown lengthening by external bevel 
gingivectomy for pseudo pockets 


Fig. 53.109 After gingivectomy 
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Fig. 53.110 Post-operative healing after 3 months 
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Internal Bevel Gingivectomy 


Reduction of excessive pocket depth and exposure of 
additional coronal tooth structure in the absence of a 
sufficient zone of attached gingiva with or without the need 
for correction of osseous abnormalities requires internal- 
bevel gingivectomy. 


APICAL REPOSITIONED FLAP SURGERY 


Indication 


|. Crown lengthening of multiple teeth in a quadrant or 
sextant of the dentition 


2. Root caries, fractures 
3. In areas of inadequate width of attached gingiva. 
Contraindication: 


Surgical crown lengthening of a single tooth in the esthetic 
zone. 


Apically Repositioned Flap without Osseous 
Resection (Full thickness / partial thickness) 


Full thickness or partial thickness flaps are reflected and 
sutured apical to the bone crest. This procedure increases 
the crown height and width of attached gingiva. However, 
displacing full thickness flap apically to the alveolar bone 
crest where the marginal bone is exposed may cause 
irreversible loss of marginal alveolar bone especially when 
the bone is thin and have root proximity. Bone loss and 
prolonged post-operative pain are possible risks. In such 
cases, partial thickness flap is raised, as it decreases the 
likelihood of postoperative bone loss as the bone is 
protected by the periosteum and connective tissue. 


Apical Repositioned Flap with Osseous Reduction 


This is the most common technique for crown 
lengthening. 


The alveolar bone is reduced by ostectomy and osteoplasty, 
using a combination of rotary instruments and chisels to 
expose the required tooth length in a scalloped fashion to 
follow the desired contour of the overlying gingiva. 


Either a high-speed or low-speed handpiece with carbide or 
diamond burs may be used to provide the initial reduction 
of bone. The bone is reduced close to the tooth, leaving 
the final removal of bone adjacent to the tooth by hand 
instruments. The Ochsenbein chisel is useful in removing 
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the greatest portion of the thinned bone. The process 
then is completed with curettes directed against the bone. 
Thick margins, bony ledges, and exostoses are reduced by 
osteoplasty to allow apical positioning of the flap in close 
adaptation to the tooth 


A one-half round bur and a Wedelstaedt chisel may be 
helpful, in addition to curettes in reducing the narrow 
interproximal bone. 


As a general rule, at least 4 mm of sound tooth structure 
must be exposed, so that the soft tissue will proliferate 
coronally to cover 2-3 mm of the root, thereby leaving only 
|-2mm of supragingivally located sound tooth structure. 





CROWN LENGTHENING BY APICALLY _ = - il 


DISPLACED FLAP Fig. 53.113 Apically displaced flap and secured with 
a Interrupted sutures (both horizontal & vertical incisions) 





Fig. 43.110 Preoperative view showing inadequate width 
of attached gingiva & require CL 





Fig. 53.114 Post-operative healing after 5 months showing 
increased zone of keratinized gingiva 


Heithersay and Ingber were the first to suggest the use 
of forced eruption to treat “‘non-restorable” or previously 
“hopeless” teeth. Various techniques are used to extrude 
teeth using removable devices or fixed brackets. 


The ultimate goal of all of these techniques has been to 
expose sound tooth structure, maintain an acceptable 
crown-to-root ratio, and to establish a biologic width 


before restoring the tooth, all the while maintaining good 
Fig. 53.112 Following internal bevel incision periodontal health. 
Following internal bevel incision 
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Forced Tooth Eruption 


Forced eruption (orthodontic extrusion) can be used to 
treat hopeless teeth, such as loss of tooth structure due to 
extensive caries,root resorption,fractures,erosion,abrasion, 
occlusal wear, and noxious habits. It is indicated in cases 
where traditional crown lengthening via ostectomy cannot 
be accomplished like in isolated or single anterior tooth. 
Conventional crown lengthening with ostectomy in such 
cases would lead to a negative architecture with esthetic 
deformity and also compromise bone from adjacent teeth 
as well as from the tooth that has questionable support, 
thereby leading to an inverse root-to-crown ratio with an 
increased clinical crown. 


Some of the contraindications to forced eruption are 
inadequate crown-to-root ratio, lack of occlusal clearance 
for the required amount of eruption and any possible 
periodontal complications. Forced eruption is generally 
best in the anterior region where esthetics is important, 
and ostectomy can lead to negative architecture. 


Slow Orthodontic Extrusion 


By applying low orthodontic extrusion force, the tooth will 
be erupted slowly, bringing the alveolar bone and gingival 
tissue with it. The tooth is extruded until the bone level 
has been carried coronal to the ideal level for the amount 
that will need to be removed surgically to correct the 
attachment violation. The tooth is stabilized in this new 
position and then is treated with periodontal surgery to 
correct the bone (i.e., to reposition the bone crest apical to 
CE] to establish biologic width) and gingival tissue levels. 


Rapid Orthodontic Extrusion with Fiberotomy 
(Pericision) 


By applying rapid orthodontic force, the tooth will be 
erupted rapidly to the desired level in few weeks. During 
this period, supracrestal fiberotomy is performed on the 
tooth (by passing a no. |5 blade around the circumference 
of the tooth, held parallel to the tooth surface, up to 
the crest of the bone), for each week of active eruption 
(by orthodontic treatment). This eliminates the need for 
additional crown lengthening surgery unlike slow extrusion 
and allows for a determination of the exact end of active 
treatment. However, the disadvantage of this technique 
is the repeated pericision procedures. This technique 
also allows for the continuous severing of gingival fibers, 
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thus reducing the retention period to approximately four 
weeks. 


Retention after Forced Eruption 


In general, the re-arrangement of periodontal ligament 
fibers attached to bone is completed within 28 days. Most 
reports allow 6 to |2 weeks of retention, although some 
practitioners like to have retention go on for as long as six 
months. It is important to stabilize the extruded tooth 
to prevent it from intruding and returning to its original 
position. 


Healing after Crown Lengthening 


Restorative procedures must be delayed until new gingival 
crevice develops after periodontal surgery. Therefore, 
restorative treatment should be initiated after 4-6 months. 
In non-aesthetic areas, the site should be re-evaluated 
at least 6 weeks post surgically prior to final restorative 
procedures. In esthetic areas, a longer healing period is 
recommended to prevent recession. The margin of the 
provisional restoration should not hinder healing before 
the biologic width is established by surgical procedures. 


Complications after Crown Lengthening 


Possible poor aesthetics due to ‘black triangles’, root 
hypersensitivity, root resorption and transient mobility of 
the teeth. 
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Table 53.6: Differences between functional and esthetic crown lengthening 


ass Functional crown lengthening Esthetic crown lengthening 


GOAL Retention and Ferrule Improve teeth proportions 
PROCEDURE The procedure is done 3600 around the Buccal aspect only 
tooth 
Papilla Preservation No papilla preservation Papilla Preservation 
Tissue resection Tissue Resection affects the adjacent teeth — Tissue resection is selective 
Provisional Prosthesis Provisionals required before surgery Provisionals given after surgery 
Aesthetics Non-aesthetic zone Esthetic Zone as per patients smile pattern 
Common indications Subgingival caries, tooth fracture Delayed eruption of teeth 






AESTHETIC CROWN LENGTHENING FOR 
ALTERED PASSIVE ERUPTION 


a gaara =? 





Fig. 53.117 Probing shows gingival excess measured from 
the crest of the alveolar crest to gingival margin 


Fig. 53.116 Intraoral view 





Fig. 53.118 External bevel incision 
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Fig. 53.123 Ceramic veneers placed 


Fig. 53.119 Following excision of he gingiva, sulcular SOCKET PRESERVATION (RIDGE 
incision placed and flap reflection PRESERVATION) 


Socket preservation procedure following extraction is 
done to retain sufficient bone and soft tissue to receive for 
an aesthetically and functionally acceptable restoration. 


RATIONALE 


Immediately after extraction, the socket walls undergo 
internal and external turnover, resulting in crestal bone loss 
as well as horizontal reduction. Buccolingual loss overall 
exceeds that in the vertical direction, though both occur. 
Several investigations report horizontal and vertical deficits 
of 3.0 mm to 6.0 mm and |.0 mm to 2.0 mm, respectively, 
per site after an initial healing period of 4 months.20 


Without sufficient bulk or height of the remaining 
periodontium, it is not possible to produce an aesthetic 
fixed bridge or a cosmetically acceptable implant-supported 
tooth replacement. Clinical treatment planning for the 
edentulous spaces that are left following the extraction of 
teeth focuses on two key factors to achieve an functional 
and aesthetic restoration: 


; fp 


|. The retention or re-creation of sufficient bone and 
soft tissue and 


2. The preservation of adequate crestal height and 
contours. 2| 


Factors Influencing the Alveolar Bone Resorption 


|. Anatomy of the ridge- wider the ridge (Bucco Lingual 
& Mesio Distal), lesser the resorption due to increased 
vascularity. Narrow the ridge, more the resorption. 


2. Trauma- Bucccal plate fracture, removal of ankylosed 
tooth. 





Fig. 53.122 Post-operative healing at |-month 
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3. Pathology-Periodontal and periapical disease, cysts, 
tumours or congenital disorders. 


4. Genetic predisposition 


5. Medical status & Drugs- Diabetes _ mellitus, 
osteoporosis, habits such as smoking, drugs such as 
bisphosphonates which may induce osteonecrosis. 


Steps in Socket Preservation 


|. Flap design—Perform a _ sulcular _ incision 
circumferentially around the tooth with a [5-size 
blade to sever soft tissue fibers. Iry not to raise a 
flap unless the buccal plate is not intact or surgical 
extraction is necessary. 


2. Atraumatic Removal of tooth—Section any 
multirooted tooth with a long carbide bur to separate 
the roots. Use a periotome to sever the periodontal 
ligament (PDL) fibers from the tooth. 


3. Degranulation—Remove soft tissue and debris with 
curettes and burs. The bur will remove soft tissue but 
leave hard structures intact. Irrigate with saline or 
0.12% chlorhexidine solution. 


4. Bone grafting—lf the socket does not bleed, 
decorticate it apically with a small round bur to induce 
bleeding. Be careful not to fenestrate the buccal or 
lingual wall or penetrate surrounding structures 
(e.g., teeth, sinus, etc.). Place graft material of choice 
into the socket. Condense gently with a cotton tip 
applicator or instrument handle. Fill up to the bony 
crest or further coronally if desired. 


Material Options - In general autografts, allografts, 
and xenografts as well as alloplasts are used. Among 
allografts, demineralized or mineralized freeze-dried 
bone allograft (DFDBA and FDBA), have been used. 
FDBA resorbs more slowly than DFDBA, allowing 
for better space maintenance; a positive attribute for 
implant site development. 


5. Membrane Application—lf the buccal wall is thin or 
not intact, contain the bone graft with a membrane of 
choice placed on the buccal wall. Both nonabsorbable 
and absorbable membranes can be used successfully. 
The advantage of an absorbable membrane is that it 
does not require removal. 
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6. Closure—if vertical incisions are made, primary 
closure may occur by placing a periosteal releasing 
incision, in the apical aspect of the flap. The tissue may 
be advanced over the socket. If no vertical incisions 
were made, place a collagen plug on top of the socket 
to cover the bone graft. The plug may be flattened to 
enhance surface area. The plug allows for soft-tissue 
growth over itself. Ifa membrane is used, ensure that 
the flap or at least a collagen plug covers it entirely. 
Suture with 4-0 non-absorbable suture material. 


7. Healing—Sutures may be removed 7 to I4 days 
after surgery. Healing of bone grafting takes at least 
3 months because the host bone must grow into the 
site, replace graft material, mature, and remodel. If 
implant therapy is desired, a minimum of 3 months 
should pass before implantation. 


SURGICAL EXPOSURE OF UNERUPTED FOR 
ORTHODONTIC PURPOSE 


Maxillary canine is the second most commonly impacted 
tooth after third molars. (Bass et al. 1967). 


Methods to diagnose the position of the impacted maxillary 
canine are 


|. Palpation 
2. Radiographs 
3. Trans gingival probing 
Technique for labially impacted canine 


Following local anesthesia, trans gingival probing is done to 
locate the tooth. Two techniques are used to expose the 
impacted tooth. 


A. Gingivectomy 
Indications: 


a. Impaction positioned above the muco gingival 
junction 


b. Wide zone of keratinized gingiva exists 


c. Following gingivectomy a minimum of 2-3 mm of 
keratinized attached gingiva should be there, apical 
to the CE] of the impacted tooth. 


Contraindications: 
a. Inadequate width of attached gingiva 


b. When access to the underlying bone is required to 
exposure the tooth 


Ay 
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C. 


Impacted tooth is below the mucogingival junction 
Technique: A no. |5 size blade is used to remove 
the overlying gingiva of the crown to permit bracket 
placement. 


. Apically displaced flap (partial thickness flap) 


Indications: 


a. Impaction of the tooth close to or beyond 
mucogingival junction 


b. Inadequate width of attached gingiva 


c. When bone surgery is required to exposure the 
impacted the impacted tooth 


Contraindications: 
a. A need for extensive osseous surgery 
Technique: 


a. A split thickness flap is made using no. I5 scalpel 
blade with two vertical releasing incisions with 
wider base. 


b. If bone exposure is required,a small round abrasive 
with high-speed handpiece is used to expose the 
crown of the impacted tooth. 


c. An orthodontic button or bracket is bonded to 
the tooth. 


d. The flap is apically positioned and sutured with 
4-0/5-0 silk/ vicryl sutures. 





(AB) 


Fig. 53.124 Preoperative view showing buccally 
impacted Maxillary right canine 
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Fig. 53.124 ADF exposing the crown of the impacted 
canine for orthodontic purpose 


Palatal position of impacted canine 


The canine is usually positioned in one of the following 
positions: 


a. Intra alveolar- vertically placed in the edentulous 


area- tooth exposure NOT RECOMMENDED as 
excessive removal of bone may be required. 


b. Horizontally 
c. Apical to the lateral and central incisors 
Technique: 


. A crestal incision is made using no. I5 size scalpel 


blade. 


. Full thickness mucoperioteal flap is reflected. 


. Ifbony crypt is covering the tooth, minimal ostectomy 


is done by a bony window, to expose the crown of the 
impacted tooth by high-speed rotary instrumentation 
to facilitate orthodontic bracket placement. 


. After bracket placement and wire tie in, the flap is 


sutured over the edentulous area 


Review Questions: 


Essay questions: 


. Define and classify gingival recession. Discuss in 


detail the procedure for free gingival auto grafts in 
the treatment of gingival recession. 
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2. 


What is gingival recession. Briefly discuss the various 
available treatment options for gingival recession. 


Short notes: 


3. 
4. 


. 


What are the possible causes of gingival recession? 


Write a brief note about the use of connective tissue 
graft in treatment of gingival recession. 


What is supracrestal fiberotomy? 
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Chapter Outline: 


¢ Definition of Apdt. 

¢ Mechanism of Photodynamic Reaction. 
¢ Site of Action on Microorganisms. 

¢ Lasers. 

¢ Light-Tissue Interactions. 

¢ Photosensitizers. 


Periodontitis is an infectious disease of the periodontal 
structures in which tissue damage is the result of 
complex interactions between causative bacteria and 
host response. Dental plaque, formed by highly complex 
microbial populations, is the primary etiological agent for 


periodontal disease. Porphyromonas gingivalis, Provotella 
intermedium, Fusobacterium nudeatum, — Aggregatibacter 
actinomycetemcomitans, Bacteroides _forsythus, and 


various spirochaetes are among the most prevalent 
organisms found in the subgingival bacterial plaques. 


The main approach to treating periodontitis involves the 
removal of supragingival and subgingival bacterial plaque 
containing pathogenic organisms by means of mechanical 
debridement. In most cases, significant clinical improvements 
are obtained by non-surgical mechanical debridement; i-e., 
scaling and root planing (SRP) together with oral hygiene 
improvements. SRP considered the gold standard for the 
non-surgical treatment of periodontal disease, enables 
sufficient cleaning of the periodontal pockets, thus reducing 
the load of periodontal pathogenic microorganisms. 
However, treatment of periodontitis by SRP is not always 
successful, and the affected teeth may eventually be lost. 


In sites with difficult access, such as deep periodontal 
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e Penetration of Photosensitizers Into The Tissues. 
¢ Safety of Apdt In Host Cells. 

¢ Effect of Apdt on Virulence Factors. 

¢ Apdt on Periodontitis. 

¢ Apdt on Peri-Ilmplantitis. 

¢ Conclusion. 

e Review Questions. 


pockets and teeth with furcation involvement the complete 
removal of bacterial deposits from root surfaces by 
mechanical instrumentation can be challenging. Periodontal 
pockets associated with multi-rooted teeth were shown to 
respond less favorably to SRP than pockets at single rooted 
tooth sites. Furthermore, residual pockets following initial 
periodontal therapy present the risk of repopulation with 
periodontal pathogens. Such sites may, therefore,require 
additional therapeutic approaches, such as open flap 
debridement, and may require retreatment sessions over 
a period of years. In SRP root surfaces are scraped using 
sharp metal instrumentation; hence, cumulative hard-tissue 
damage is expected after repeated applications. Therefore, 
maintenance treatment modalities that do not harm 
periodontal structures are required for residual pockets. 


Systemic and local antibiotics are widely used to 
augment the effectiveness of conventional mechanical 
therapy in order to attain bacterial reduction, 
particularly in persistent cases. Several antibacterial 
agents, when combined with SRP, appear to provide 
additional benefits. Judicious use of both systemic and 
local antibiotic regimens is recommended as frequent 
administration of antibiotics may lead to an increased 
risk of developing resistant bacterial strains. For Cy 
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example, the development of tetracycline-resistant bacteria 
following local application of tetracycline ointment for 
periodontitis was reported. 


Antimicrobial photodynamic therapy (aPDT) may be an 
attractive alternative to antibiotics for the augmentation 
of conventional mechanical periodontal therapies. Given 
that aPDT is a relatively novel treatment approach and 
may be unfamiliar to readers of this book, this chapter 
presents a comprehensive review of the principles of aPDT, 
followed by scientific research carried out to ascertain its 
effectiveness in periodontal disease. 


DEFINITION OF APDT 


Photodynamic therapy (PDT) is based on the principle 
that light has the ability to interact with certain substances 
(called photosensitizers) to produce cytotoxic species. 
When a photosensitizer absorbs light energy of a 
specificwavelength, photochemical reactions take place. 
The end products of these reactions, singlet oxygen and 
other reactive oxygen species,damage biomolecules, and 
subcellular organelles and consequently produce cell 
death. 


The discovery of this phenomenon,which dates back to the 
turn of the 20% century, came about thanks to a 
combination of luck and hard work performed by a 
medical student, Oscar Raab. While performing 
experiments investigating the toxicity of a dye, acridine 
orange, on protozoa, Raab happened to observe that 
protozoa in acridine solutions, when placed on a 
microbiology counter near windows and exposed to 
sunlight, were inactivated more so than those kept in 
the dark. Raab’s mentor, Prof.Hermann von Tappeiner, 
coined the term photodynamic’ reaction after 
recognizing that an interaction between the dye and the 
light was involved in the process. However, little attention 
would be paid to the effects of photodynamic reaction on 
microorganisms, as the imminent development of 
antibiotics provided for the widespread and effective 
treatment ofinfections. Instead,an emphasis was placed on 
exploiting this phenomenon to kill cancer cells. After 
1960, following the purification of hematoporphyrin as a 
photosensitizer and the advent of laser technology, 
more widespread therapeutic applications of PDT on 
malignancy were developed. The effectiveness of PDT 
in the treatment of several forms of cancer has now 
ra established. 


Section - IX 


In recent years, attention has been drawn towards 
research into the potential use of PDT as an alternative 
antimicrobial approach in the treatment of infections. 
This is mainly attributable to raised concern over the 
emergence of antibiotic-resistant bacterial strains and 
fears that infections may become increasingly difficult to 
treat in the future. The tendency to over prescribe 
empirical antibiotics as a treatment approach 
exacerbates this problem. There are many advantages to 
consider regarding the potential of PDT to serve as an 
alternative to antibiotics and antiseptics in the treatment 
of localized infections. Infection in the oral cavity, 
particularly periodontal disease, emerges as one of the 
most suitable candidates for this treatment approach. 
aPDT is a simple treatment modality, which can easily be 
applied in outpatient settings. It is non-ionizing and is a 
repeatable process with no cumulative effects. The light 
energy dose used in aPDT is lower than that used for 
PDT in cancers; so, whereas microorganisms and their 
by-products are destroyed, host tissues are spared. Most 
infection-producing microorganisms in the oral cavity 
are readily accessible for the uptake of photosensitizers 
and laser light exposure. Treatment with PDT is 
effective only when the photosensitizing agent is 
exposed to light. Therefore, should the photosensitizer 
accumulate in irrelevant areas, the treatment region can 
be controlled by restricting the light to the desired area. 
Unsatisfying results obtained using some antibacterial 
regimens for periodontitis may be attributed to 
difficulties in maintaining stable therapeutic 
concentrations for sufficient periods of time to exert 
antimicrobial action. With the use of aPDT, however, 
there is no need for the photosensitizer stay in the 
pockets for any extended period of time, as the 
antimicrobial effect is promptly exerted by 
photochemical reactions obtained via the transfer of 
energy to the photosensitizer. Administration of the 
water-soluble photosensitizing agent directly into the 
periodontal pockets may be performed via irrigation of 
the gingival sulcus. Last but not least, the development of 
resistance to PDT would appear to be unlikely since its 
bactericidal activity is due to singlet oxygen and, to a 
lesser extent, other reactive species. 
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Fig. 54.1 Schematic diagram showing the excitation of a photosensitizer by light. The type | and Il mediated pathways occur 
via the respective formation of free radicals and singlet oxygen. 


MECHANISM OF PHOTODYNAMIC REACTION 


Mechanism of photodynamic reaction is depicted in Figure 
|. Whenever a photoactive substance absorbs light energy 
of an appropriate wavelength in the presence of oxygen, 
a cascade of events occurs. Following the absorption of 
light, the dye molecule transfers from the ground state to 
the singlet state. The singlet state of the photosensitizer 
molecule has high energy but an extremely short lifetime 
(less than | usec). From this excited singlet state the 
molecule can then follow either of two pathways: it can 
decay back to its ground state emitting light (fluorescence), 
or it can form a triplet state by electron spin conversion 
in a process called “intersystem cross-over.’ Although 
molecules in the triplet state have a lower energy, they have 
a longer lifetime than when in the singlet state (1 ysec-10 
s). Therefore, the excited triplet state has a high probability 
of interaction with oxygen and/or biomolecules. The 
fluorescence properties of some photosensitizers have been 
employed diagnostically for detecting the photosensitizer 
in tissues and for visualizing tumor localization. For a 
photodynamic effect. However, the photosensitizer should 
generate an excited triplet state which then undergoes a 
type | or type II reaction, or a combination of both. These 
reactions produce highly reactive cytotoxic species, which 
are responsible for cell death. 
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Type Il reaction: 


It is believed that cell damage induced by PDT occurs 
primarily via a type Il reaction pathway, which involves 
singlet oxygen formation. Singlet oxygen is generated by 
means of energy transfer from the sensitizer molecule in 
its triplet state to a free oxygen molecule. Although the 
lifetime of singlet oxygen is quite short, its electrophilic 
nature makes it highly reactive to biological systems resulting 
in cellular damage by oxidation of biomolecules. After 
inducing the formation of singlet oxygen, the sensitizer 
returns to its ground state. The same sensitizer molecule 
can subsequently absorb an additional photon of light and 
thereby generate another singlet oxygen. This process can 
continue indefinitely. 


Type I reaction 


The excited triplet photosensitizer can also interact with a 
biomolecule or solvent molecule by electron or hydrogen 
atom transfer. This interaction produces radical forms of 
the substrate or photosensitizer, which can then react 
directly with oxygen to produce active species such as 
hydroxyl radicals, hydrogen peroxide and superoxide anion. 
The minor role of type | interactions in PDT is believed to 
result from competition between substrate and oxygen for 
triplet state photosensitizer molecules. 
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SITE OF ACTION ON MICROORGANISMS 


Section - IX 


Mechanisms of action may vary according to the given type of organism (e.g., Gram-negative or Gram-positive) and 
the characteristics of the photosensitizers (whether they are cationic or anionic and whether they are absorbed into 
organism or not). Singlet oxygen has an extremely short lifespan (0.01-0.04 us) and an approximate diffusion of 0.01- 
0.02um; therefore, the sites of initial cell damage are closely related to the localization of the photosensitizer. Exogenous 
sensitizers are primarily effective on the cell membrane, whereas endogenous sensitizers (those able to enter cytoplasm) 
target DNA and other structures in the cytoplasm. Membrane damage produced by photodynamic reaction has been 
shown to result from both lipid peroxidation and protein damage. DNA damage was also shown, including cleavage of 
plasmid supercoiled DNA to linear DNA and random breaking of supercoiled plasmid DNA. 


Ultra 


Gamma rays X-rays violet 


infrared 


Microwave Radiowave 


SS 





0.0001 nm 0.01 nm 


Visible Light 






11cm im 100 m 


0.01 cm 





500 nm 


400 nm 


600 nm 


700 nm 


Fig. 44.2 Electromagnetic spectrum. 


LASERS 


Light is a form of radiant electromagnetic energy. The 
basic unit of light is a photon that occurs in particle form 
and travels in waves. The distance between the peaks of 
adjacent cycles of a wave is deemed to be its wavelength. 
A wavelength determines the spectrum of light, such as 
infrared light, visible light or ultraviolet light,which in turn 
determines its specific properties (Figure 2). 


Any light source can be used for PDT, so long as it 
possesses the required spectral features. The light must 
have an appropriate wavelength to be absorbed by 
the photosensitizer and must have sufficient energy to 
activate the photosensitizer. While ordinary light may be 
employed for PDT, lasers have become the standard light 
source for most PDT applications, owing to their superior 
properties over ordinary light. The key characteristics of 


yy 


lasers in this context are their high-energy content, their 
monochromaticity, and the ability to target their 
emissions via optical fibers. 


Laser differs from ordinary light in three main 
ways: 


Coherence: Ordinary light is incoherent, with 
photons’ radiating in all directions and __ lacking 
synchronization of its waves. Laser light has a defined 
wavelength, and the waves of its photons are mutually 
synchronized. 


Collimation: Ordinary light spreads out as it travels 
away from the source. A laser beam does not diverge 
as such, and so there is minimal power loss, and the 
beam can be focused to intensify its effect. 


Monochromacity: Ordinary light is white as a sum 
effect of various wavelengths, as opposed to laser light, 
which is emitted at a single precise wavelength. 
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The term LASER is an acronym for Light Amplification 
by Stimulated Emission of Radiation. A laser machine 
features a laser tube containing a lasing medium in which 
the amplification of light takes place. The type of the lasing 
medium within the laser tube determines the photons’ 
wave length and lends its name to the specific laser 
machine. Most laser machines, other than tunable lasers, 
are fixed to a single wavelength. The lasing medium may 
be in the form of liquid (dyes of different types, such as 
gallium aluminum arsenide (GaAlAr) diode lasers); solid 
(e.g, neodymium: yttrium aluminum garnet (Nd:YAG) 
lasers); or gas (e.g., carbon dioxide lasers, helium-neon 
lasers). 


The intensity of the light energy transferred through laser 
illumination determines it’s medical use. Lasers used in 
the dental/medical industry can be classified as surgical 
lasers (also called high-level lasers, or hard lasers) or 
low-level lasers (also called soft lasers, or cold lasers). The 
power of a laser (power output of a laser beam) is 
measured in Watts. High-level lasers have output power 
in W range whereas low-level lasers are in mW range. 
While photo-thermal energy delivered from surgical 
lasers are used to incise, ablate or coagulate tissue, 
non-thermal energy from low-level lasers are used for 
bio-modulation. Low-level laser therapy can _ either 
stimulate (e.g., by accelerating healing) or inhibit (e.g., by 
relieving pain) biological processes. Specific dosing in 
low-level laser therapy is determined accordingly. For 
intraoral tissue regeneration, output below 100 mW 
laser was recommended; for muscular and TMJ pain, 
300-500 mW laser was recommended. Lasers ranging in 
power output from 75mVW to 150 mW have been used 
for aPDT applications. 


Light energy for PDT applications is an important 
parameter, as the activation rate of a given photosensitizer is 
determined by light energy absorbed per unit area and 
per second by that photosensitizer. Power density, or 
energy fluence rate (mW/cm’), is the amount of light 
power per unit area, which is determined by the beam 
diameter of the emitted light. Energy (J), on the other 
hand, is power integrated over time. Energy dose, also 
known as energy fluence (J/cm2), is the total amount of 
light energy delivered per unit area of the applied laser 
beam. It is calculated by power density (W/cm?) 
multiplied by irradiation time (sec). For example, when 
light is transferred from a device featuring a 100 mW 
power output, channeled via a fiber probe tip with a 
diameter of 0.5 cm (0.2 cm? of spot area) for 60 sec, 
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the power density is 500 mW/cm/ and the energy dose is 
30 J/cm?. 
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Fig. 44.3 Forms of light-tissue interaction. 


LIGHT-TISSUE INTERACTIONS 


Coming into contact with tissues, light can either be 
reflected, transmitted, absorbed or scattered (Figure 3). 
Absorption of light by the tissue is essential for the 
effect to take place. Lasers’ coherence and collimation 
properties rapidly degrade by scattering within tissue. 
These properties, therefore, do not appear to be 
fundamentally essential On the other _ hand, 
monochromatic and directed beam with fiber optics 
make lasers attractive for many applications. 
Wavelengths in the red and near-infrared regions(600-800 
nm), which promote excitation of the photosensitizers, 
are commonly used for PDT. The diffusion of light into 
the tissues deceases exponentially with depth. Typically, 
for red wavelengths near 630 nm, intensity half-life is 
to about 3 mm penetration depth. Thus, at a depth of 
| cm, the intensity is reduced by a factor of ten as 
compared to the intensity at the surface. Penetration is 
found to almost double when near-infrared light 
(700-800 nm)is used; as a result, new photosensitizers 
that absorb in this range are under development. In 
addition, the optical property of the field where the light 
is absorbed is also important. Tissues with high 
hemoglobin content are characterized by high light 
absorption coefficients and, correspondingly, lower light 
penetration depths. 


PHOTOSENSITIZERS 


Some of the ideal properties of a photosensitizer for aPDT 
of oral infections can be identified as: 
@ High quantum yield (high probability of triplet state 
formation per photon absorbed) for the generation 
of type | and type II photochemical reactions 


@ Strong photo-activation at longer wavelengths; the 
ideal wavelength is near the infrared region of the 
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spectrum (above 600 nm), which has relatively higher 
tissue absorption 


@ Selective uptake by the target organisms 


Fluorescence excitation for 


visualization 


during diagnostic 


@ An efficient and non-recovering killing effect when 
irradiated 


@ Independence of the antibiotic susceptibility of the 
organisms 


@ Effectivenesson both Gram-negative and Gram- 
positive pathogenic bacteria 


@ Non-toxicity to the host (It is particularly essential 
that surrounding healthy tissue remains unaffected 


while target bacteria are eradicated by aPDT) 
Many photosensitizers have been developed or are 


currently under investigation. Whereas, hematoporphyrin 
derivatives have been among’ widely employed 
photosensitizers in the treatment of cancer, histologic 
dyes, including methylene blue, toluidine blue, acridine 
orange, rose bengal, neutral red, malachite green and 
indocyanine green, appear to be more effective for 
the photodynamic inactivation of microorganisms. A 
number of studies have demonstrated that cationic 
compounds, such as methylene blue and toluidine 
blue, are effective sensitizers against both Gram-negative 
and Gram-positive bacteria. Commonly — used 
photosensitizing agents for cancer PDT, such as 
porphyrins, appeared to be effective against Gram- 
positive bacteria but it was only possible to kill Gram- 
negative bacteria after the bacteria were previously 
treated with agents to remove their outer membrane 
and increase permeability or the photosensitizer was 
conjugated to a compound (chlorin e6 conjugated to 
pentalysine) for selective targeting of the bacteria. 


PENETRATION OF PHOTOSENSITIZERS INTO 
THE TISSUES 


High numbers of periodonto-pathogenic bacteria, such as 
P gingivalis, reside in periodontal pockets in patients having 
chronic periodontitis. In addition, these bacteria have the 
ability permeate the sulcular epithelial barrier. Periodonto- 
pathogenic bacteria were shown to adhere to, invade, and 
replicate within human epithelial cells. Following passage 
through the epithelial barrier, the intracellular pathogens 
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disrupt the structural and functional integrity of the gingival 
epithelium. 


Fluorescence studies of the bio-distribution of topically 
applied toluidine blue on the buccal mucosa and gingiva in 
the animal model demonstrated that the photosensitizer 
penetrated throughout the epithelium, although the highest 
fluorescence was observed in the keratinized layer. However, 
fluorescence intensity in the underlying connective tissue 
was very low. Low penetration into the connective tissue 
on topical application could be due to the thick keratin 
layer, as present in the rat model, which may form a barrier 
against penetration of the water-soluble photosensitizer. In 
the case of periodonto-pathogens infiltrating thorough the 
epithelial barrier into the connective tissue, penetration 
of the sensitizer through connective tissue appears 
important to the elimination of invasive pathogens by aPDT. 
Nevertheless, deeper penetration of a topically applied 
photosensitizer into the connective tissue is expected 
because of the non-keratinized nature of the sulcular and 
junctional epithelium. Therefore, light application to those 
areas after topical application of the photosensitizer should 
result in the successful killing of such organisms in clinical 
conditions. 


SAFETY OF aPDT IN HOST CELLS 


In vitro studies have shown that,using a methylene blue- 
mediated or toluidine blue-mediated photosensitization, 
there was a wide safety margin between microorganism 
eradication and human _ keratinocytes or fibroblast 
damage. In addition, aPDT applied using photosensitizers 
conjugated to a moleculeto selectively target P. gingivalis 
resulted in total eradication of bacteria while human 
gingival fibroblasts or epithelial cells remained unaffected. 
Animal experiments showed that toluidine blue-mediated 
aPDT could offer a safe antimicrobial approach for oral 
infections without damaging adjacent tissue. Histological 
examination of periodontal and oral tissues in the rats 
following aPDT showed no adverse effects (i.e., neither 
necrotic nor inflammatory changes) while elimination of P. 
gingivalis in the gingival crevices was achieved. Other animal 
experiments demonstrated similar results, showing that 
periodontal structures remained intact, and no damage 
was observed. Photosensitizers exhibiting a greater effect 
against microorganisms as opposed to mammalian tissue 
suggest photodamage targets specific and highly susceptible 


Periodontics & Oral Implantology 


Chapter 54 


sites of the organisms (such as the outer membranes of 
bacteria) that are lacking in mammalian cells. In parallel, 
clinical studies reported no adverse effects of aPDT on 
human gingival structures. 


EFFECT OF aPDT ON VIRULENCE FACTORS 


The tissue damage in periodontal disease is as a result of 
complex interaction between the causative bacteria and 
the host response. The tissue destruction that accompanies 
periodontitis is thought to result from the action ofa number 
of virulence factors produced by periodontopathogenic 
bacteria. The outer membrane in the cell walls of Gram- 
negative bacteria not only serves as a protective layer for 
the microorganism but also forms endotoxins, which are 
among the important virulence factors. Enzymes produced 
by bacteria are also important in the destruction of 
periodontal tissue. Inactivation of these virulence factors 
is an additional benefit of aPDT in the treatment of 
periodontitis. lt was reported that the biological activities 
of the proteases and lipopolysaccharides were significantly 
reduced by photodynamic reaction. Periodontopathogenic 
bacteria are also responsible for inducing an inflammatory 
response, which, in turn, initiates tissue destruction in the 
host. Although proinflammatory cytokines fight against 
microbial burden, these molecules promote connective 
tissue loss and alveolar bone resorption. The aPDT 
treated patients demonstrated significantly lower levels of 
cytokines including interleukin- | B,interleukin- 10 and tumor 
necrosis factor-a ratio than the control group of patients. 
Furthermore, a clinical study demonstrated that aPDT may 
modulate the extracellular matrix and bone remodeling by 
up-regulating the tissue inhibitor in metalloproteinase-2/ 
matrix metalloproteinase-2 and osteoprotegerin/receptor 
activator of nuclear factor-KB ligand ratio on gingival 
structures. 


aPDT ON PERIODONTITIS 


In vitro studies 


In vitro studies have shown that histological dyes (e.g., 
toluidine blue, methylene blue and malachite green) 
were very active photosensitizersagainst important 
periodontopathogens, including P. gingivalis, P. intermedia, 
F, nucleatum, A. actinomycetemcomitans and B. forsythus.|n 
addition to those suspended in saline solution, in vitro 
studies also showed that organisms under conditions similar 
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to those present in the oral cavity were susceptible to 
killing by aPDT. A matrix of glycoproteins and extracellular 
polysaccharides that embrace organized colonies of 
bacteria in biofilms may shield the bacteria from the 
effects of aPDT. Studies also showed that, when present 
in subgingival plaque samples taken from patients having 
chronic periodontitis, periodontal pathogens could also be 
killed by aPDT. 


Animal studies 


The effectiveness of aPDT on periodonto pathogenshas 
been demonstrated in animal experiments. aPDT 
mediated by thiazine dyes used for the treatment of 
experimentally induced periodontitis achieved 
elimination of P gingivalis in the gingival crevices of rats. 
In addition, toluidine blue or methylene blue-mediated 
aPDT was shown to significantly reduce the level of 
alveolar bone loss in animals with periodontitis. aPDT 
using photosensitizers, chlorine e6 and BLCIOIO 
caused a significant reduction in the clinical inflammation 
signs of redness and_ bleeding on_ probing in 
experimentally created periodontitis of dogs. When 
compared to SRP aPDT resulted in a similar number 
of reductions of total periodontal bacteria and 
significantly reduced bone loss in periodontitis model in 
rats. 





a) Prior to the application of aPDT, mechanical debridement is 
carried out; b) The photosensitizer is applied; c) Following a 
time period, excess dye is washed out by irrigation with saline; 
d) Laser is illuminated. 


Fig. 54.4 Schematic diagram depicting the application of aPDT: 
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Fig. 54.5 Clinical photograph showing the application of 
photosensitizer and light for an aPDT session. It should be 
noted that, during light irradiation, clinicians and patients 
should each be wearing protective eyewear. 


Clinical trials 


Treatment protocol 


The protocol for the application of aPDT follows specific 
steps (Figure 4 and 5): 


Application ofthe photosensitizer: [he photosensitizer 
is applied into the periodontal pockets with a syringe 
featuring a blunt cannula. Some studies used a gel form for 
ease of application; others used an aqueous form. The total 
volume of the photosensitizer employed for each patient 
was not providedin mostof the studies. Nearly all studies 
employed a phenothiazine dye, such as methylene blue 
as the photosensitizer,which was used at concentrations 


ranging from 0.05 mg/ml 44 to 0.1 mg/ml 45 to 10 mg/ml. 


Some studies did not clearly identify a specific dose. 


Interval period: Following the application of the 
photosensitizer, a time period is allowed (most of the 
studies used | min while some studies used 3 min) to allow 
the photosensitizer to be taken up by the organisms and 
to penetrate into tissues. Subsequently, the pockets were 
rinsed with distilled water or saline solution in order to 
flush out any excess of photosensitizer, which can act as an 
optical shield during light illumination. 


Light illumination: Each target tooth was exposed to 
low-level, non-thermal laser light, guided through a flexible 
fiber-optic cable, positioned subgingivally or outside 
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the periodontal pocket. Some studies irradiated the 
entire tooth with a single light exposure of 60 seconds 
while others fractionated the light exposure to 10 sec of 
illumination for each section of tooth: i.e., mesial, middle, 
distal parts of the buccal and palatal/lingual surfaces. Diode 
lasers that provide wavelengths in the visible red spectrum 
(mostly 660/670 nm) are preferred devices for aPDT to 
match the absorption maxima of the photosensitizer. These 
devices are available on the market in a hand held, battery- 
operated format. The power output of laser devicesused 
in clinical studies ranged from 30 mW, 40 mW, 60 mW, 75 
mW, 100 mW to 150 mW. 





Fig.44.6 A commercial aPDT kit: Photosensitizer solution 
in applicator and diode laser probe equipped with an attached 
fiber optic guide. 


A commercial photosensitizer/laser kit (Figure 6) was 
used in some clinical trials, while other trials acquired the 
photosensitizer and laser device independently. 


Research findings 


Clinical trials generally investigated the effectiveness of 
aPDT as an adjunct to SRP versus a control group of 
SRP alone.When aPDT was combined with SRP 
significantly higher reductions of many 
periodontopathogenic bacteria including P._ gingivalis, A. 
actinomycetemcomitans, F. nucleatum, Tannerella forsythia, 
Treponema denticola, Prevotella nigrescens,and  Prevotella 
intermedia, were achieved as compared to groups 
treated with SRP only. On the other hand, some studies 
were unable to obtain additional reductions of 
some periodontogenic bacteria when aPDTsupported 
SRP. 
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Because previously published clinical studies have 
reported contradicting results, it is difficult to draw from 
their findings a definitive conclusion as to whether aPDT 
has a definitive place in the treatment of periodontitis. 
Many studies have demonstrated significantly greater 
improvements in periodontal parameters such as 
probing pocket depth, clinical attachment level and 
probing on bleeding using PDT as an adjunctive to SRP as 
compared with SRP alone. On the other hand, some 
studies that an additional treatment with aPDT had 
little influence. In addition, a systemic antibiotic 
regimen produced a better clinical outcome when 
compared to aPDT as a supplementary treatment strategy 
for aggressive periodontitis. It is noteworthy that some 
studies failed to show promising clinical improvements 
with the use of aPDT, despite significantly greater 
reductions of periodontal pathogens. Additional clinical 
benefits obtained by aPDT were mainly observed at the 
3-month follow-up time point, but no_ significant 
improvements were observed at the 6-month follow-up. 
It was shown that 3 months after aPDT, periodontal 
microbial counts returned to baseline values. Persisting 
pockets are commonly perceived as challenging and 
needing further treatment. Therefore, it would be 
worthwhile to repeat aPDT at certain intervals (rather 
than one single application) to achieve sustained 
antimicrobial effects and thereby obtain a more definitive 
cure. In support of this, the application of four sessions of 
aPDT, adjunctive to SRP resulted in a decrease in 
pocket depth and an increase in clinical attachment of 
patients with aggressive periodontitis. In another study, 
the application of five sessions of aPDT adjunctive to 
mechanic periodontal therapy provided benefits to 
clinical outcomes in residual pockets during supportive 
periodontal treatment. 


aPDT ON PERI-IMPLANTITIS 


aPDT on experimentally induced peri-implantitis in dogs 
resulted in reduced counts of P. intermedia/nigrescens, 
Fusobacterium spp., and _ beta-hemolytic Streptococcus. 
Compared to controls, those receiving aPDT showed a 
higher bone-height gain at the area adjacent to the peri- 
implant defects. In a clinical study, Dortbudak et al. (2001) 
evaluated the effect of aPDT in the treatment of peri- 
implantitis. After flap surgery and removal of granulation 
tissue, the defects were treated with an application of 0.1 
mg/ml toluidine blue and irradiated using a diode laser. This 
treatment resulted in significant reductions in the number of 
A.actinomycetemcomitans, P. gingivalis, and P. intermedia on the 
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implant surface. Using the same parameters, furthermore, 
it was reported that aPDT was effective in decreasing the 
degree of inflammation in patients diagnosed with peri- 
implantitis. Studies have also indicated that in patients with 
emerging peri-implantitis, the adjunctive use of aPDT to 
mechanical debridement may lead to comparable clinical 
and microbiological outcomes. 


aPDT may also be considered to decontaminate the 
alveolar socket prior to the placement of immediate 
implants. In an animal model, immediately after extraction 
of molar teeth associated with periodontitis, the area was 
treated with aPDT. Microbial processing of samples of the 
alveolar content demonstrated significantly reduced levels 
of A. actinomycetemcomitans. 


In conclusion 


In my everyday clinical practice, | occasionally picture 
just how wonderful it would be to have a magic 
wand as part of my clinical armamentarium. Whenever 
it was needed, | could pick up this wand and, after 
touching it to the afflicted area, stand back and behold 
as it healed. To discover whether or not aPDT plays a 
comparable role to that magic wand as an adjunctive 
treatment strategy for periodontitis, more research is 
required. However, in the view of available clinical 
research data, it may be stated that aPDT as adjunct to 
mechanical debridement may offer some benefit for 
improved clinical outcomes of chronic periodontitis, 
without by any means replacing concepts of classical 
therapy. Future randomized controlled clinical trials 
should specifically strive to define the most effective 
concentration of the photosensitizer, the application 
period of the photosensitizer and the energy dose of the 
laser. Sgolastra et al. concluded in a recent meta- 
analysis (2013) that adjunctive use of a PDT could 
provide short-term benefits to SRP Any medium- to 
long-term efficacy of aPDT is also subject to future 
research. 
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Review Questions: 


Essay Questions: 


|. Discuss the advances in the application of LASER as 
a tool in periodontal therapy. 


Short notes: 


2. What is Antimicrobial Photodynamic Therapy? Write 
a brief on its use for the treatment of Periodontal 
Diseases. 
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Microsurgery is a methodology through which 
the surgical technique is modified to accommodate 
improved motor coordination made possible through 
magnification. Minimally invasive surgery helps to 
preserve maximum amount of function and improve 
patient comfort. 


Microsurgery was broadly defined by Daniel 


RK (1979) as surgery performed under 
magnification provided by the microscope. 
In 1980, it was defined by Serafin as a 


methodology which assures a modification and the 
refinement of existing surgical techniques using 
magnification to improve _ visualization, — with 
applications to all specialties. 


Shanelec and Tibbetts define microsurgery as 
a refinement in operative technique by which 
visual acuity is enhanced through the use of 
surgical operating microscope. The _ operating 
microscope provides highest optical resolution with 
the most efficient illumination. The working 
magnification could be easily changed and has 
adjustable working distance. 


Periodontal microsurgery — gives an 
opportunity for a less-invasive surgical approach in 
periodontics thereby minimizing tissue trauma and 
enhancing periodontal regeneration. 
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History: 


First report date back to I9th century when 
simple binocular microscopes were used _ for 
ophthalmology. In 1922, Nyles performed eye surgery 
under a microscope. First surgical operation with 
microscope was performed in Sweden to _ treat 
otosclerotic deafness. 


Perrit and Kurze introduced microsurgery into 
ophthalmology and neurosurgery respectively. 


The first commercial dental operating 
microscope (Dentiscope, USA) was produced in 1981 by 
Apotheker and Jako. It was poorly configured with only 
one 8x magnification and a long focal length. 


The Storz one-power (8x) microscope introduced 
by Chivian was costly and difficult to use. 


In 1991, Carr designed an ergonomic operating 
microscope and is considered to a father of microscopic 
endodontics. 


In 1993, Shanelec and Tibbets presented a course 
on periodontal microsurgery at the annual meeting of 
American Academy of Periodontology. They termed it 
“Microscope Assisted Precision Dentistry’. Surgical 
microscope was introduced into periodontics by 1992. 


In 2001, Belcher had summarized the benefits and 
potential uses of surgical microscope in periodontal 


therapy. 
vy 
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Values of microsurgery: 


¢ Enhancement of surgeon’s motor skills to improve 
surgical ability. It is done by increasing the precision of 
movements and decreasing involuntary tremors. 


¢ Reduction of tissue trauma at the surgical site by using 
small instrument in a smaller surgical field. It includes 
gentle handling of tissues and accurate approximation of 
wound edges. 


¢ Achievement of primary and passive wound closure by 
elimination of gaps and dead space at the wound edge. 
This avoids new tissue formation to fill the surgical voids 
and also reduces the pain and inflammation during 
wound healing. 


Concepts in microsurgery: 


Microsurgical dentistry provides increased visual 
acuity, improved ergonomics and body posture, precise 
repositioning of tissues and delivery of surgical skills. 
With magnification of 10x — 20x, the surgical tolerance 
of a periodontist can be as small as 10 microns. 


The improvement in visual acuity is a prerequisite for 
improved accuracy in surgical interventions. Visual acuity 
is defined by the ability to perceive two objects 
separately. 


The microsurgical triad consists of 
= Magnification. 
#  |llumination. 
=» Instruments. 

Magnification: 


More than 90% of sensations of the body are 
perceived by visual impression. Best eyesight is achieved 
at a light density of 1000 cd/m2. An optimal vision is 
mandatory for periodontal practice. Visual acuity is 
influenced by anatomic and physiological factors along 
with lighting. The image size can be increased by 2 ways, 


=" Getting closer to the object — influence visual 
capacity and ability of the lens of the eye to 
accommodate. 


= By magnification. 

Hence, magnification can improve precision and 
the quality of periodontal practice. Periodontal 
microsurgery is usually performed at I0x — 20x 
magnification. With normal vision, the highest possible 
visual resolution is 0.2mm, and greatest accuracy for 


omen is Imm. 
yy, 
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At 20x magnification, the visual resolution is Iu, and the 
accuracy approaches |0Ou. 


In dentistry, two basic types of magnification 
systems are used namely Loupes and Surgical microscope. 


Magnifying Loupes: 
It has two monocular telescopes with side by side 
lenses converged to focus the operative field. It is also 


called Keplerian optical system. The magnified image has 
stereoscopic properties. 


Its disadvantages include eye strain, eye fatigue, and 
pathological vision changes. 


Simple loupes: 


It has a pair of single meniscus lenses. It is also 
called single lens magnifiers, clip-on, flip-up, jeweler’s 
glasses. 

It has limited capability and produce diopter magnification. 
Its limitations are as follows 
= Magnification can be increased only by increase in lens 
diameter or thickness. 
# It is impractical for magnification beyond |.5x. 
= Has spherical and chromatic aberration. 
= Has size and weight limitations. 
= Difficulties in maintaining focus and may cause strain of 
neck and back. 
Compound loupes: 


It has multi-element lenses with intervening air 
space to gain additional refraction. It can increase 
magnification with more favorable working distance and 
depth of field. Achromatic lenses can also be used. It 
produces a color-correct image. It can offer more 
ergonomic posture. Its magnification becomes optically 
inefficient above 3x. 


Prism or Telescopic Loupes: 


It is most optically advanced type of low-power 
telescopes. It has Schmidt or rooftop prisms to lengthen 
the light path within the lens elements. This arrangement 
folds light, and the barrel of the loupes can be shortened 
and mounted on eyeglass frames or headbands. Its 
advantages include: 

= Better magnification. 

= Improved ergonomic posture. 

= Wider field depth. 

» Longer working distance. 

= Larger field of view. 

= No decrease in brightness or image contrast even at 


4x/5x. 
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For some periodontal procedures, 4 x 


magnifications provided an adequate field of view and 
depth of focus. 


Surgical Operating Microscope: 


It has binocular eyepieces with offsetting prisms 


and parallel optic axis. It has fully coated optics with 
achromatic lenses. It has the optical components, 
lighting unit and a mounting system. It should be firmly 
attached to a wall, ceiling or floor support to avoid 
unfavorable vibration. 


Advantages: 


It provides highest optical resolution with efficient 
illumination. 


It allows the operating field to be viewed without eye 
convergence. The light beams fall parallel to the retina 
of the observer in contrast to dental loupes. Hence, 
there is no eye strain or fatigue. 


It increases the normal working distance by 6 — 8 
inches can vastly improve the postural ergonomics and 
eye strain. 


It provides higher magnification and superior optical 
performance than loupes. It has a system of lenses that 
allows stereoscopic vision with 4 — 40x magnification 
and excellent illumination of the working area. 

It is durable and versatile. The dentist can easily change 
working magnification with a _ rotating variable- 
magnification element. 

It can used to view subgingival pockets and angular 
bone defects. It can visualize root surface deposits and 
irregularities. 

Useful working range in dentistry is 250-350 mm. 

It permits easy identification of ragged wound edges 
for trimming and freshening. 

With an operating microscope, the clinician is obliged 
to remain in correct position enhancing physical 
comfort and less fatigue. 

It can be helpful to perform diagnostic procedures, 
non-surgical periodontal therapy, and plastic surgery. 


Limitations: 


Expensive. 

Restricted area of vision. 

Loss of depth of field, as magnification increases. 
Loss of visual reference points. 


Training and practice is needed to gain proficiency in 
handling the equipment. 


Requires space for maneuverability. 
Good external source of illumination. 
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HDTV Single Camera 3D system: 


This system has a three dimensional High 
Definition Television attached to a stereoscopic 
microscope which enables 3D visualization and 
documentation. It can be advantageous to the 
clinician and academician to organize or print these 
data and adapt it for tele-operations. 


TOMS —- Three-Dimensional On-Screen 
Microsurgery System: 


lt permits visualization of the microsurgical 
field on a video monitor in 3D without the need 
for physical viewing through the microscope. This 
stereoscopic 3D display provides a clear and 
accurate sense of depth perception. It has 
numerous applications in minimally invasive surgery. 
Illumination: 


Most manufacturers offer collateral lighting 
system. Loupes require a headlamp to compensate 
for decreased illumination. 


Fiber-optic light could be attached to handpiece, 
instruments or loupes. Fiber-optic coaxial 
illumination is a major advantage of operating 
microscope. 


Accessory light sources should have quality 
and bright light, ease of focus and directing the light 
within the field of view and ease of transport 
between surgeries. 


Anti-reflective coatings on lenses help to 
transmit light more efficiently. Halogen lamps have 
gained popularity for illumination. 


Instruments: 


Periodontal microsurgery is the natural 
transition from conventional surgical principles, in 
which the microscope is used to permit more 
accurate and atraumatic handling tissues to enhance 
wound healing. 


It uses specially constructed microsurgical 
instruments designed especially to minimize 
trauma. It creates a small surgical field with less 
injury and bleeding. It should create a clean incision 
so that the wounds heal by primary intention. 


The basic set comprises a knives, needle 
holder, micro-scissors, micro scalpel holder, 
microsurgical scalpels, anatomic and _= surgical 


forceps and set of various elevators. 
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These microsurgical instruments are much 
smaller, about [0 times the normal size. It is made of 
titanium to reduce weight (15-20 gm), prevent 
magnetization and provide reliable manipulation of 
needles, sutures and tissues. But, they are prone to 
deformation and are more expensive. They can also be 
made of surgical stainless steel. 


The knives commonly used in_ periodontal 
microsurgery include Blade breaker knife, crescent knife, 
mini-crescent knife, spoon knife, lamellar knife and scleral 
knife. The crescent knife could be used for intrasulcular 
procedures. Spoon knife is used to undermine the lateral 
sulcular region in preparation for graft placement. 


The retractors and elevators are downsized for 
microsurgery. Scissors-like micro-vannas tissue scissors 
are used to remove small tissue fragments. 


Suture material Needle character 


|. 7-0 polypropylene 
2. 7-0 polypropylene 
3. 9-0 polyamide 


Buccal releasing 
incision. 


Interdental sutures — 
front area 


6-0 polypropylene 
7-0 polyamide 


6-0 polypropylene 
6-0 polyamide 


Interdental sutures — 
premolar area 


Interdental sutures — 
molar area 


6-0 polyamide 


Crestal incisions 6-0 polypropylene 


7-0 polyamide 


7-0 polypropylene 
9-0 polyamide 


Papilla incisions 
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SUTURE MATERIAL: 


A suture is composed of a needle and a suture 
strand. The needle and thread characteristics influence 
wound healing and surgical outcome. For atraumatic 
sutures, the thread is firmly connected to the needle 
by a press-fit swage or laser-drilled hole. 


Reverse cutting, 3/8th circle needles with 
precision tips or spatula needle with micro-tips are 
preferred to minimize tissue trauma. The needle shape 
can be straight or bent in nature. 


Monofilament suture material is preferable to 
polyfilament sutures. Micro-sutures in the range of 6-0 
to 9-0 are used to approximate the wound edges. 





|. 3/8th curvature, cutting needle with precision 
tip, 7.6mm length. 

2. Asymptotic curved cutting needle, round body, 
8.9mm length. 

3. 3/8th curvature, spatula needle, 5.2mm length. 


3/8th curvature, cutting needle with precision tip, 
| 1.2mm needle length 


3/8th curvature, cutting needle with precision tip, 
12.9 mm length 


3/8th curvature, cutting needle, |6.2mm length 


3/8th curvature, cutting needle with precision tip, 12.9 mm 
length. 
3/8th curvature, cutting needle with precision tip, 12.9 mm 
length 


Asymptotic curved cutting needle, round body, 8.9mm length 
/2 Curvature, cutting needle with micro tip, 8.0mm length 


Table 55-1: Indications of Suture material and needle characters in periodontal microsurgery 


Instrumentation: Physiological tremor is the 
uncontrolled movement arising from intended and 
unintended actions of our body. The surgeon can feel 
such tremors due to anxiety, recent exercise, alcohol, 
smoking, caffeine, heavy metals, hypoglycemia and use 
of medications. To minimize such tremors, the 
microsurgeon should have a relaxed mind, good and 
comfortable body posture, well-supported hand, and 
stable instrument-holding position. 


Wy 


Internal precision grip or pen grip is ideal for 
microsurgical instrumentation. With this grip, the 
muscles of hand are relaxed and resist fatigue. The 
instrument handles should be round to allow traction 
and fine rotating movements. It should be approximately 
|8cm long and slightly top-heavy to facilitate accurate 
handling. The instruments should have a colored coating 
surface to avoid metallic glare under light. 
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The most precise rotary suturing movement for 
a right-handed person is from 2 o'clock to 7 o'clock 
position or 10 o’clock to 4 o'clock position for a left- 
handed person. 


The needle holder should have a precise 
working lock. High locking forces generate tremor, and 
low locking forces reduce the feeling for movement. 
The tip of the needle holder should be flat or coated 
with diamond grains to improve grip of surgical needle 
and avoid sliding of suture material. 


MICROSURGERY IN PERIODONTAL 
THERAPY: 

It is useful in root preparation and crown- 
lengthening procedures. Microsurgery is used in all 
forms of mucogingival surgery including correction 
of anatomic, developmental, traumatic and disease 
induced defects of gingiva, alveolar mucosa, and 
bone. When viewed under the microscope, most surgical 
manipulation appears coarse with gross crushing and tearing 
of tissues. With training, an average periodontist can 
produce more finely crafted work than the most gifted 
conventional surgeon. 


The clinical applications in periodontal plastic surgery 
include treatment of 

# Gingival recession. 

# Establishing an esthetic smile line. 


= Restoration of edentulous ridge. 


The indications include the following: 


" Horizontal augmentation. 

» Vertical augmentation. 

= Guided tissue regeneration. 
= Guided bone regeneration. 


= Accurate split-thickness/ double papilla/ pedicle/ 
sliding/ apical repositioned or coronal repositioned 
flaps. 


= Connective tissue grafts. 

= Mucogingival surgeries. 

= Root visualization and preparation. 
" All phases of implant treatment. 

= Implant site development. 

# Sinus lift procedures. 
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Fleischer et al have reported that calculus-free 
roots were obtained more often with surgical access. 
Surgical access improves operator’s ability to remove 
calculus. 


Clinical reviews: 


Peter Kotschy had proposed a micro-invasive 
approach for treating periodontal conditions and 
reported excellent results. 


Burkhardt et al reported that microsurgery 
significantly improved graft vascularization and increased 
root coverage percentage. Peter Nordland reported 
that microsurgery provided predictable esthetic results 
in treating loss of interdental papillae. Andrade et al 
reported a significant increase in width and thickness of 
keratinized tissue. 


Microsurgery could enhance the _ clinical 


procedure during implant placement. 
Micro ultrasonics: 


Kwan and Peggy Hawkins coined the term 
Micro-ultrasonics. It refers to a _ refined, powered 
instrument used for gross debridement. They are small 
approximately the size of a periodontal probe 
(0.2-0.6mm in diameter) and move at ultrasonic speeds. 
They are used for supragingival and_ subgingival 
debridement at low to high power, with less to no spray 
and little or no adjunctive use of hand instrumentation. 
Owing to their size, over-instrumentation of root 
surfaces is less likely. 


Periodontal endoscope can offer magnifications 
of 24x — 48x and visualize subgingival root surface. It is 
done through a 0.99mm fiberoptic bundle coupled to an 
instrument called explorer. A single-use sterile sheath 
isolates the fiber, so that it can be reused. The captured 
imaged is relayed to the screen as a video. Some 
endoscopic explorers have provision for simultaneous 
viewing and instrumentation. These can be used for 
endoscopic debridement. 


MINIMALLY INVASIVE SURGERY: 


Minimal Invasive Surgery was introduced by 
Harrel in 1999. It uses much smaller incisions to gain 
surgical access and debride the periodontal defect prior to 
placement of bone graft and membrane. Minimally invasive 
surgery helps to preserve maximum amount of function and 


improve patient comfort. G6 
yy, 
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Minimally Invasive Surgery Technique (MIST): 


It was designed specifically to treat isolated 
intrabony defects using periodontal regeneration. 
According to Cortellini et al, this technique was 
designed to limit the mesio-distal flap extension and the 
corono-apical reflection in order to reduce the surgical 
trauma and increase flap stability. It enhances wound 
stability during early wound healing, prevents the 
collapse of papilla into the defect and preserve more 
space for regeneration. 


lt includes application of modified papilla 
preservation technique (Interdental sites wider than 2 
mm), simplified papilla preservation flap (Width of 
interdental space -2mm or narrower) and passive 
internal mattress sutures to seal the regenerating 
wound from the oral environment. Surgery was 
performed with the aid of an operating microscope and 
microsurgical instruments. The incision of the defect- 
associated papilla was performed according to the 
principles of the papilla preservation techniques. 
Enamel matrix derivative was applied on the debrided 
root surfaces. Stable primary closure of the flaps was 
obtained with internal modified mattress sutures. 


Cortellini et al also proposed a Modified-MIST. The M- 
MIST consisted of a buccal incision of the defect- 
associated papilla, according to the principles of the 
papilla preservation techniques. Only a buccal flap was 
raised while the interdental papilla was left in situ. The 
granulation tissue filling the defect was dissected and 
removed, leaving the interdental and palatal tissues 
untouched. Root instrumentation and application of the 
regenerative material were performed before suturing. 
Primary closure of the flaps was attained with a single 
internal modified mattress suture. 


Indications for MIST/ M-MIST: 


=» Whenever a defect involves | or 2 sides of a root and 
is cleansable by a tiny buccal window, M-MIST is 
suggested. With M-MIST, amelogenins is the elective 
choice; some situations could be handled without 
placement of a regenerative material. 


=» If it cannot be cleansed by a buccal window, then the 
papilla is elevated by MIST. In MIST, amelogenin is used 
alone in a containing defect or in combination with 
filler for non-containing defects. 


= A larger flap design with periosteal and vertical 
releasing incisions is chose for a severe and deep all- 
a defect with buccal/lingual bone dehiscence. 
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However, these techniques could not be applied for 
generalized horizontal bone loss and multiple interconnected 
vertical defects. 


Conclusion: 


There is no clinical contraindication for the use of 
magnification in periodontal surgery. Only a few areas in the 
oral cavity are difficult to access by microscope. In such 
circumstances, loupes may be preferred. 


Microsurgery can improve cosmetics, rapid healing, 
causes minimal discomfort and enhanced patient acceptance. 


Review Questions: 


Essay Questions: 
|. Discuss the use of microscope in periodontal surgery. 


Short notes: 


2. Write a brief note on Minimally invasive surgery. 


Principal sources and suggested further 
reading: 
» Akbari G, Prabhuji MLV, Lavanya R. Microsurgery: a clinical 


philosophy for surgical craftsmanship. E-journal of Dentistry 2012; 
2: 3: 233-237. 


= Bhusari BM, Banavali KA, Kotak B, Nagda RJ. Periodontal plastic 
microsurgery: a future trend in Periodontics — a review. Indian 
Journal of Applied Research. 2014; 4: 3: 352-354. 


= Cortellini P, Tonetti MS. A minimally invasive surgical technique 
with an enamel matrix derivative in the regenerative treatment of 
intra-bony defects: a novel approach to limit morbidity. | Clin 
Periodontol. 2007 ; 34(1):87-93. 


= Cortellini P, Tonetti MS. Improved wound stability with a modified 
minimally invasive surgical technique in the regenerative treatment 
of isolated interdental intrabony defects. J} Clin Periodontol. 2009 
Feb; 36(2):157-63. 

" Cortellini P. Minimally invasive surgical techniques in periodontal 
regeneration. | Evid Base Dent Pract 2012; SI: 89-100. 


= Gupta P, Jan SM, Behal R, Mir RA, Shafi M, Teli ZA. Periodontal 
Microsurgery — A review. IOSR-JDMS. 2014; 13: 4: 12-17. 


= Hegde R, Sumanth S, Padhye A. Microscope-enhanced periodontal 
therapy: a review and report of four cases. The Journal of 
Contemporary Dental Practice 2009; 10:5: I-13. 


Jain R, Kudva P, Kumar R Periodontal Microsurgery-Magnifying 
Facts, Maximizing Results. J! Adv Med Dent Scie Res 
201 4;2(3):24-34. 

» Jan Lindhe, Lang NP, Karring T. Clinical Periodontology and 
Implant Dentistry. Fifth Edition. Blackwell Publishing Ltd, 2008. 

= Newman MG, Takei HH, Klokkevold PR. Carranza's Clinical 
Periodontology. | Oth ed. St. Louis: Saunders Elsevier; 2006 

= Ryo M, Schigeaki K. HDTV single camera 3D system and its 
application in microsurgery. Sterioscopic display and virtual reality 
systems. Proc SPIE 2001; vol.2177: 31-34. 

# Shah C, Shah S, Modi D. Microsurgery in Periodontics — revisited. 
Journal of Research and Advancement in Dentistry. 2012; |: 3: 
107-123. 


» Shanelec DA. Periodontal Microsurgery. | Esthet Restor Dent. 
2003; 1 5(7):402-7 
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# Definitions. 

# When can a microorganism be classified as an oral probiotic? 
» Microorganisms used as probiotics in oral cavity. . 
= Possible use of Probiotics in Periodontics. ee ee 


= Possible risks and side effects e Short notes. 
=» Principal sources and suggested further reading. 


Probiotics is an idea of using microorganisms for ¢ Prebiotic: A non-digestible food ingredient, which 


the benefit of mankind. While we have innocently been beneficially affects the host by selectively stimulating 
using it for generations in baking our bread and in the growth and/or activity of one or a limited 
processing yogurts. A deliberate, scientifically rational number of bacteria in the colon, having the potential 
use began with the conception of its use by Ilya to improve host health. 


Metchnikow. Since then its use in various fields of ¢ Symbiotic: A mixture of probiotics and prebiotics 


that beneficially affects the host by improving the 
survival and implantation of live microbial dietary 
supplements, and thus improving host health and 
well-being. 


medicine is well known. In periodontics, the search for 
newer treatment options along with the traditional 
therapies has led to study of potential uses of probiotics 
in periodontics. The word probiotics is a composite of 
the Latin preposition pro (for) and the Greek adjective 
biwtikoc (biotic), the latter originating from the noun Rationale: Recreation of the bacterial ecology that 
bioc (bios, ‘life’) exist in periodontal health. 


Definitions: 


¢ Probiotics as_ ‘live microorganisms, which, 
when administered in adequate amounts, confer a 
health benefit on the host’?(The World Health 
Organization 2001) 


Periodontics & Oral Implantology @® 


“Recent advances in periodontal therapy 





“=e Bacteriocins or z%  « Compete with " 
x bacteriocin like O © the pathogens S 
2 inhibitory Oz bybinding to = 
a substances O¢ the available re 
3 against oral = surfaces. = 
é ee: <x 
7m pathogens ii = ¢ Competition = 
x ud : ie 
= = for essential ws 
. “ nutrients. co 
i w 

5 

4 oO 

Lu 

oc 


Section - IX 





Fig. 56.1: How probiotics work? -Mode of action 


Delivery mode: 


a. Dietand dietary supplements.e.g: yoghurts, fermented 
milk. 


a 


Capsules. 


_ 


Chewing gum. 


A. 


Lozenges. 
e. Mouth rinses. 
f. Powders. 
g. Tablets. 
Types: 


The commonly used probiotic bacteria belong to 
the genera Lactobacillus, Streptococcus, and Bifidobacterium. 


When can a microorganism be classified as anoral 
probiotic? 


A microorganism that should 
demonstrate the following characteristics to be 
classified as oral probiotic: 


@ It should have beneficial physiologic effects. 


4 


¢--et &¢lhU OH hh OH 6M 
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It is of human origin. 

It attaches, adheres to and colonizes dental tissues. 
It is stable in the oral environment-maintain. 

It has genetic stability. 

It produces antimicrobial substances. 

It competes with pathogens for binding sites. 


It enhances the non-specific and specific immune 
response of the host. 


Itshould not ferment sugars. 


It can be a resident probiotic of the oral cavity. 


Microorganisms used as probiotics in oral cavity: 


I. 


Lactobacillus acidophilus, L. sporogenes, L. piantarum, 
L. rhamnosum, L. delbruekii, L. reuteri, L. fermentum, 
L. brevis. 


a. L. reuteri and L. rhamnosus are effective in caries 
prevention and control. 


b. Lactobacillus salivarius WWB2| has demonstrated 
improvement in periodontal condition. 
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c. Lactobacillus strains have shown to reduce gingival 
inflammation and the amount of black-pigmented 
rods including Porphyromonas gingivalis in the 
saliva and subgingival plaque 


d. L. reuteri strains, Lbrevis (CD2), L.casei 
Shirota, L. salivarius WWB2I, Bacillus subtilis and L. 
salivarius VWWB2| have all shown beneficial effects in 
Periodontal therapy. 


2. Bifidobacterium bifidum, B. infantis, B. 
longum, Streptococcuslactis, S. cremoris, S. 
salivarius, S.thermophilus, Weissella  cibaria and 


Propionibacterium freudenreichii have also been used 
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Possible use of Probiotics in Periodontics: 


Probiotics can have a beneficial effect in periodontal disease. 
Studies have shown that they can reduce periodontal 
inflammatory response and can reduce halitosis. The 
following is a summarization of a few studies that have 
studied the possible use of probiotics in periodontics. 


with varied success. 


Table 56.1: Probiotics in Periodontal disease. 


Teughels 
et al 


Riccia 
et al. 


Shimazaki 
etal 


Shimauchi 


et al 


Krasse et 
al. 


Tweet- 
man etal 


Mayanagi 
et al 


2007 


2007 


2008 


2008 


2009 


2009 


2009 


S. mitis, S. salivarius, 
and S. sanguinis 


Lozenges: 


L. brevis 


Dairy products, such as 


milk, cheese, and lactic 
acid foods (yogurt and 
lactic acid drinks) 
Probiotic tablets 
containing Lactobacil- 
lus salivarius WB2 | 


Chewing gum: 

L. reuteri incorporated 
in a chewing 

gum. 


Chewing gumsL 
reuteri. 


Tablets: L. Salivarius 


In Vitro 


Double-blind, 
randomized 
study. 


Epidemiological 
study 


Randomized, 
double-blind, 
placebo-con- 
trolled study. 
Parallel double- 
blind, placebo- 
controlled 
randomized 
trial. 

Parallel, 
double-blind 
placebo-con- 
trolled trial 
Parallel, 
randomized, 
double-blinded, 
placebo-con- 
trolled trial 


Interfere with A. actinomycetemcomitans colonization 
thus may have a protective role 

Ina group of patients with chronic periodontitis, 
significant improvement in plaque index, gingival 
index and bleeding on probing and also a significant 
reduction in salivary levels of prostaglandin E2 
(PGE2) and matrix metalloproteinases (MMPs) was 
seen. 


Regular consumers of yoghurt or beverages 
containing lactic acid showed lower probing depths 
and decreased loss of clinical attachment. 


Improvement of periodontal condition 


and 
with 


Effectively reduced gingival 
bacterial plaque deposition in 
moderate-to-severe gingivitis 


index-gingivitis 
patients 


Reduction of proinflammatory cytokines in GCF. 


Reduced numerical sum of selected periodontopathic 
bacteria. So, could have beneficial effects on periodon- 
tal conditions. 
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Staab 
et al 


Zhu etal 


Viveka- 
nanda. 
M.R. et al 


Keller et 
al 


Thakkar 


et al 


Teughels 
etal 


2009 


2010 


2010 


2012 


2013 


2013 


Probiotic milkdrink 
which contained 
Lactobacillus casei 
strain Shirota. 


Fresh Yoghurt with 
four probiotic 
bacterial species 
(Lactobacillus bulgaricus, 


Streptococcus 
thermophilus, 
Lactobacillus acidophilus, 
and Bifidobacterium) 


Lozenges: Lactobacilli 
reuteri(Prodentis) 


Daily use of probiotic 
chewing gum 
containing Lactobacillus 
reuteri. 


Use of mouth rinse 
containing Lactobacillus 
acidophilus, Lactobacillus 
rhamnosus, 
Bifidobacterium longum, 
and Saccharomyces 
boulardii. 


Lozenges: L. reuteri 


Parallel- 
designed,non- 
blinded 

study 


In vitro 


Double-blind 
randomized 
placebo- 
controlled 
clinical trial 


Randomized 
double-blind 
placebo- 
controlled 
cross-over trial. 


Randomised 
controlled trial 


Double-blinded 
Placebo- 
controlled 
Randomized 
controltrial. 
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Probiotics may have a reversible immune-modulating 
effect on plaque-induced gingival inflammation. 


Yogurt and the probiotics that it contains are capable 
of inhibiting specific periodontal pathogens. 


Showed anti-inflammatory, Plaqueinhibitory, 
antimicrobial effects against periodontopathogens(Ag 
gregibacter | actinomycetemcomitans, | Porphyromonas 
gingivalis and Prevotella intermedia. 


Slight beneficial effect on oral malodour. 


A significant reduction in plaque scores. 


Hypothesis: Guided pocket recolonization: Shifting the 
bacteria in favour of periodontal health. 


The results showed that the = application of 
selected beneficial bacteria, as an adjunct to scaling and 
root planing, would inhibit the periodontopathogens 
and lead to recolonization of periodontal pockets with 
non-periodontopathic bacteria. 
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Laleman 2015 
et al 
Ince etal 2015 
Jaffar et 2016 
al 
Messora 2016 
et al 
Morales 2016 
et al 
Mendiet 2016 
al 
Mongar 2017 
dini et al 


Kobayashi 2017 


et al 


Streptococcus oralis Randomized 
KJ3, Streptococcus 
uberis KJ2 and 
Streptococcus 
rattus}H145 containing 
probiotic tablet after 
scaling and root 


planning (SRP). 


Lozenges containing — Clinical study 
Lactobacillus reuteri. 

Used |3 species of In-vitro 
probiotic bacteria. 

Bacillus species Animal study 


supplementation 


Lactobacillus rhamnosus Randomized 
SP | -containing 
probiotic sachet as an 
adjunct to non- 


surgical therapy. 
L. rhamnosus ATCC9595 Lab study 


Randomized 
clinical trial 


Professional and home- 
based administration 
of probiotics 
(Lactobacillus plantarum 
and Lactobacillus brevis) 


Oral administration of | Animal study. 
Lactobacillus gasseri 
SBT2055 
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controlled trial. 


Controlled Trial 


Lactobacillus 
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No difference was detected in primary and secondary 
outcome measures when comparing the adjunctive use 
of a placebo or the investigated streptococci containing 
probiotic tablet after SRP. 


Lozenges containing L. reuteri may be a_ useful 
supplement in moderately deep pockets of patients 


with chronic periodontitis. 


Many of the studied strains had a more than 90% 
biofilm degradation § efficiency. Probiotic bacteria 
demonstrate a robust degradation activity on A. 
actinomycetemcomitans Y4 and OMZ 534 strain, 
and a moderate effect against SUNY 75. strain. 
Lipase enzyme from probiotic strains might be an 
influential factor in the biofilm degradation against A. 
actinomycetemcomitans. 

Bacillus species supplementation provided a protective 
effect against bone loss and enhanced the effects of 
SRP 


Oral administration of L. rhamnosus SPI resulted in 
similar clinical improvements compared with SRP 


alone. 


rhamnosus can modulate the 
inflammatory signals andcould inhibit the attenuation 
of CXCL8 chemokine from Gingival stromal stem 
cells on stimulation by Porphyromonas gingivalis. 


The adjunctive use of probiotics did not significantly 


enhance the clinical outcomes of mechanical and 
photodynamic therapy in the treatment. of 
experimental peri-implant mucositis. 


It significantly reduced alveolar bone loss, detachment 


and disorganization of the periodontal ligament, and 


bacterial colonization by subsequent P gingivalis 


challenge. It is effective in preventing Porphyromonas 
gingivalis-accelerated periodontal disease. 


Cy 
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Oliveira 2017 Topical administration Animal study 


et al 


of probiotic bacteria 
of the genus 
Bifidobacterium 

(B. lactis HNO19) on 
experimental 
periodontitis in rats. 


Possible risks and side effects: 


4 


4 
4 


4 


Intake of some probiotics may lead to bloating and 
flatulence of the GIT. 


Though extremely rare may result in bacteremia. 


In immune compromised patients, a potential threat 
remains of infection by harmless bacteria. 


Probiotics administration is by itself a kind of 
bacteriotherapy and may rarely need treatment with 
antibiotics. 


Major risk factors 


¢ Immunocompromised patient. 
e Patients under immuno suppresant drugs. 
ad a= aat- lhe ee lal ese 


Minor risk factors 


e CVS catheter 
e Cardiac valvular disease. 
e Short bowel syndrome. 





Fig. 56.2 Risk factors for use of probiotics. 


Limitations: 


4 


(ey 


Probiotics represent a recent area of research in 
periodontics. In a review by Dhingra (2012) stated that 
the rationale of probiotics in periodontal therapy has a 
scientific base, but studies about its use in periodontal 
therapy are limited, and the available research data 
does not provide adequate scientific evidence for its 
regular use. However, there is a common pattern in 
the existing literature that suggests that a probiotic 
intervention could be a useful tool in periodontal 
therapy. 
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B. lactis HNOI9 promotes a protective effect against 
alveolar bone loss and connective tissue attachment 
loss attributable to experimental periodontitis. 


Conclusion: 


@ Gruner et al(2016) in a systematic review studying 
the beneficial effects of probiotics to prevent or 
treat caries, gingivitis and periodontitis found that 
current evidence is supportive towards the use of 
probiotics in managing gingivitis and periodontitis. 
Hence, they concluded that probiotic therapy 
could be used for managing periodontal diseases. In 
another review, Martin-Cabezaset al (2016) studied 
the clinical influence of probiotics as an adjunctive 
therapy of scaling and root planing in the treatment 
of chronic periodontitis. The findings of their meta- 
analysis supported the adjunctive use of Lreuteri 
to scaling and root planing in chronic periodontitis 
patients at short-term, especially in deep pockets. 


Review Questions: 


Essay Questions: 


|. Define probiotics. Discuss in detail the possible use 
of probiotics in periodontal therapy. 


Short notes: 


2. What are the Possible risks and side effects of 
probiotic use? 


Principal sources and suggested further 
reading: 


@ Anilkumar K, Monisha AL. Role of Friendly Bacteria 
in Oral Health — A Short Review. Oral Health Prev 
Dent 2012; 10: 3-8 


@ Anuradha S, Rajeshwari K. Probiotics in health and 
disease. | Indian Acad Clin Med 2005; 1:67—72. 


@ Assessed on Aug 20th 2015 = http://www.who.int/ 
foodsafety/fs_management/en/probiotic_ guidelines. 
pdf 


¢ Bonifait L, Chandad F Grenier D.Probiotics for Oral 
Health: Myth or Reality?JCDA. 2009, 75, 8. 
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A “stem cel refers to a_ clonogenic, 
undifferentiated cell that is competent to self-renewal and 
multi-lineage differentiation. There are the embryonic and 
the adult stem cells. 

The acquisition of adult stem cells from human 
periodontal ligament has offered new opportunities for 
tissue engineering. Thus based on the type of stimulus 
(growth factors) applied, the differentiation of the stem 
cell can be made to proceed in the desired direction. 


Stem cells in normal periodontium: 

There are multiple cell types like the fibroblasts, 
cementoblasts, and osteoblasts within the postnatal 
periodontal ligament, and this has led researchers to 
assume that these cells may share a common parent cell. 
The possibility of the progenitor cells being present in 
the postnatal periodontal ligament has been recognized 
for a while but has never been validated. These cells are 
said to play a role in the renewable cell source for 
normal tissue homeostasis and the healing of periodontal 
tissues. 


periodontal ligament stem cells (PDLSCs), have been 
segregated from the periodontal ligament of extracted 
human third molar teeth. PDLSCs express an 
assortment of cementoblast and osteoblast markers as 
well as the BMSSC related markers, STRO-| and CD146 
antigens, which are also presented by the dental pulp 
stem cells. Mesenchymal progenitor cells, isolated from 
the dental follicle of human third-molar teeth can 
generate periodontal ligament-like tissue, implying that 
they may be useful in periodontal regeneration. 


Stem cells in periodontal therapy: 


Stem cells have the capacity to expand into any 
tissue in the human body. From treating diabetes to 
producing organs, many future medical ventures are 
hoping to arise from stem cells. Stem cells are derived 
from two main sources, embryonic and adult stem cells. 
Embryonic stem cells which are the cells formed during 
the blastocyst phase of embryological development. 
Embryonic stem cells are pluripotent stem cells that can 
give rise to all cell types of the body, provided the 
required conditions are met. 
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The adult tissue or adult stem cells are 
multipotent cells that can give rise to only a limited 
number of mature cell types, usually equivalent to the 
tissues in which they inhabit. The best example includes 
the hematopoietic stem cells, which inhabit the bone 
marrow and continuously manufacture and replace all 
blood cells. 


Adult stem cells can be categorized based on their 
origin into two main groups: 


e Germline stem cells 
e Somatic stem cells (dental stem cells) 
= Dental pulp stem cells (DPSC)(SHED). 
= Periodontal ligament stem cells(PDLSCs). 
= Dental follicle precursor cells(DFPCs). 
# Stem cells of apical papilla (SCAPs). 


Studies have been conducted to spot the dental 
stem cells and their properties. Dental stem cells have 
been isolated from different dental soft tissues namely the 
dental pulp, periodontal ligament, dental follicle and the 
apical papilla. 


The attribute of these cells have been explored, 
and they have been found to express various arrays of 
biomarkers including those specific for mesenchymal and/ 
or embryonic stem cells. 


Periodontal ligament stem cells: 


Cells playing a role in periodontal regeneration 
include Autologous (patient's cells). Autologous cells 
appear to be the most suitable for tissue engineering as 
their activity remains high, unlike the allogenic and 
xenogenic cells which are immunogenic and would most 
probably require simultaneous immunosuppressive 
therapy. Mesenchymal stem cells (MSC) have been 
isolated from the periodontal ligament of the extracted 
third molars (PDLSC), and they have now been 
considered in the category of MSC cells. 


Trials are being conducted in identifying cells in 
the PDLSC that are distinguishable from the other MSCs, 
but the success rate was very poor. Efforts are being 
made to understand the interactions of these cell groups 
with each other to start clinical applications in the 
regeneration of the periodontal tissues. It has been found 
that these cells could also be cryofreezed without 
alteration of their properties hence they could also be 
“banked” if they need to be stored for future use. 
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Periosteal cells: 

Periosteal cells have been studied to be a 
potential well of cells for the regeneration of 
periodontal tissue. Mizuno et al reported that cultured 
autologous periosteal cell membranes introduced in a 
canine model for regeneration of periodontal tissues 
caused initiation of bone, cementum, and periodontal 
ligament in a class Ill furcation defect. 


Following the results of these studies, clinical 
trials for cell transplantation therapy using periosteal 
cells were conducted in humans. Human periosteal cell 
sheets with platelet-rich plasma (PRP) and 
hydroxyapatite (HA) transplanted into patients who 
suffered from chronic periodontitis, was found to 
enhance periodontal regeneration. 


Bone-marrow-derived mesenchymal 
stem cells (BM-MSCs): 


BM-MSCs have the ability to differentiate into 
bone, cartilage, adipose, muscle, and periodontal 
tissues. These cells may induce periodontal 
regeneration, as shown by recent in-vivo studies. BM- 
MSCs together with PRP have been used _ in 
combination in clinical trials, and the results showed 
that periodontal regeneration could be generated by 
this approach as well. 


Adipose-Derived Stem Cells (ADSCs): 


ADSCs are another source for cell 
transplantation therapy for periodontal regeneration, 
as this tissue is abundant and easy to acquire as 
compared to other sources. ADSCs could undergo 
differentiation into various tissue types. 


In-vivo periodontal regeneration is possible by 
mixing ADSCs with PRP, and it was found to have the 
potential to regenerate periodontal defects in vivo. 


Gingival Fibroblast: 


Gingival fibroblasts have been used for cell 
transplantation therapy to correct gingival recession. 
The gingival fibroblasts were cultured on collagen 
sponge and the fibroblast sheet thus obtained was 
used. There was regeneration of gingival tissue, and it 
was considered a_ positive method in_ the 
regeneration of periodontal tissues. 
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Embryonic cells/Induced Pluripotent Cells 
(ES/IPSs): 


Studies are conducted on the use of the ES/IPSs 
cells in periodontal treatment. However, tumorigenesis 
is a common factor with these cells. Therefore, these 
cells should be in a differentiated state prior to its 
transfer. 


Pluripotent cells occur only in small numbers in 
these MSCs, but they were found to be useful in 
periodontal regeneration. The mechanisms and pathways 
controlling the differentiation are unknown. Further 
studies would be needed in this regard for its usage in 
the periodontal regenerative therapy. 


Tissue Engineering: 


Tissue engineering is basically the progenitor 
cells with instructive messages which are implanted into 
the site where tissue replacement is required. It means 
the regeneration of parent tissue in exactly the same 
manner as it developed. 


The development of biological techniques using 
the principles of engineering and life sciences, to replace 
and restore lost periodontium, and aiming to grow new 
functional tissue rather than simply trying to proliferate 
the lost tissue is the basis of tissue engineering of 
periodontal tissues. Tissue engineering is a specialized 
area of science which is built upon the principles of 
biomaterials science, developmental biology and cell 
biology, which can replace the lost or damaged tissues 
with new tissue. 


The healing of the replaced tissue is dependent 
on the availability of appropriate cells, inductive factors 
and extracellular matrix secreted by these cells. It is 
clear that contemporary regenerative procedures are 
not ideal but the discovery of stem cells in human dental 
tissues in recent years is a step forward in the 
development of new, more endearing approaches for 
periodontal regeneration and reconstructive therapy. 


In case of periodontal tissues, further research is 
needed to clarify the molecular events concerned with 
restoring the lost tissue before a consistent biologically- 
based therapy can be developed. 


Apart from the biological and_ technical 
challenges, there are also a number of clinical barriers in 
periodontal based clinical therapy that must be looked 
into and overcome, such as immune rejection, tumor 
growth and functionality of the transplanted cell. 
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A method is to secure the field of stem cell- 
based tissue engineering and assume an 
interdisciplinary | approach — to periodontal 
regeneration. 


Periodontitis is an inflammatory disease 
which is seen clinically as a loss of supporting 
periodontal tissues including periodontal ligament 
and alveolar bone. Periodontal healing is the most 
complicated process in the human body. The cells 
of five or more tissue types - gingival, epithelial and 
connective tissues together with periodontal 
tissues, cementum and bone should create a new 
bridge between themselves along with the 
nonvascular hard tissues of the root surface . 


A plethora of methods has been tried to 
repair damaged tissue, and it includes the use of 
grafting materials, a wide range of surgical 
procedures, the use of growth factors, and barrier 
membranes. 


Till date, periodontal regeneration is 
considered to be biologically possible but clinically 
volatile. 


Periodontal Regeneration: 


Tissue engineering is based on the initiation, 
transmission, and transplantation of cells for 
regenerative periodontal therapy and aims to 
rebuild the damaged periodontium. 


There is a necessity for a close collaboration among 
material scientists, engineers, biologists, 
periodontists, pharmacologists and especially the 
surgeons who conduct the surgical implantation 
trials to evaluate the scaffolds, and the biomaterials 
scientists who build up these technologies. 


Regenerative treatment of periodontally damaged 
teeth is a demanding assignment, though, biological 
evidence shows that regeneration can occur in 
humans. 


Materials required for preparation of engineered 
tissue include: 


e Stem Cells: 
# Allogenic: stem cells from another 
person 


= Heterogenous: cells switch between 
two or more metastable states 


= Autologous: cells from the individual 
are collected and returned to the 
same individual. 


Cc 


(Recent advances in periodontal therapy 


e Scaffold: 
= Resorbable 
> Alpha hydroxyacids. 
> Amino acid based polymers. 
> Natural products. 
> Synthetic hydrogels. 
> Matrix extracts. 
# Non-resorbable 
> Expanded polytetrafluoroethylene 
(ePTFE). 
> Ceramic. 
> Titanium mesh. 
e Blood supply 
e Biological mediators and Signaling molecules 


=» PDGF. 

= IGF-I. 

= BMP 2,4,7 and 12. 

= FGF-2. 

= TGF-I. 

= Enamel matrix derivative(EMD). 
Scaffold: 


The scaffold acts as a carrier of the stem cells. 
Advances in our understanding of the interactions of 
stem cells with their in vivo milieu are leading to the 
development of new biomaterial-based approaches 
for delivering stem cells and regulating their fates 
toward the regeneration of target tissues. 


Apart from cells weaving their own natural 
matrix structure around themselves, the scaffolds 
should resist breakdown and then eventually 
degenerate to leave the newly formed tissue. 


The important characteristics of stem cells 
should be maintained during this process, and allow 
for appropriate delineation of their progeny. 


Sophisticated techniques improve the outcome of the 
treatment, but it should be cost-effective and fit for 
clinical usage. 


The scaffold should constitute a dynamically 
durable but degradable 3D structure that would serve 
as a functional tissue substitute and over time be 
replaced by cell-derived tissue function. 


Resorbable scaffolds: 


Biomaterials for cell delivery can be either synthetic 
or naturally derived. Natural biomaterials like 
collagen, fibrin, hyaluronic acid or chondroitin sulfate 
are advantageous as they resemble the _ natural 
extracellular matrix. 
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These materials show high chemical adaptability and 
aid in cell adherence, migration, differentiation, and 
matrix deposition. They also display typically good 
biological performance, built-in cell interaction, and 
cell- or enzyme-controlled breakdown. 


However, drawbacks of natural polymers are their 
abundance of physicochemical properties, necessity of 
extensive purification methods, and _ microbial 
contamination when cultured from animal or human 
sources. Moreover, cell cultures being contaminated 
by virus from reagents in the cell culture process, 
especially if stem cells are cultured on animal feeder 
cell layers or if single, massively extended cell line, are 
used to treat many patients. 


Cell culture medium often requires xenogenic 
products. If the sera are from an aged patient, there is 
a risk of slowing down of the cellular functions or the 
donor blood sample could be positive for HIV, HTLV, 
Hepatitis B and C viruses. 

Non-resorbable scaffolds: 


Synthetic biomaterials such as poly a-hydroxy esters 
and ceramics frequently offer higher primary stability 
and are more open to  macro-/microstructure 
formation than natural biomaterials. 


Polymer composition, hydrophobicity, crystallinity, 
and degradability will affect the rate of cell release 
from these scaffolds and the rate of tissue ingrowth. 


Newer biomaterials utilize osteogenic growth factors 
to modulate the organization of tooth-supporting 
tissues. These materials provide protection to the 
growth factors, but they also preserve the growth 
factor activity and also mimic the in vivo releasing 
activity of the ECM. 


Biologically inspired biomimetic materials are being 
tried due to their nature of functionality, their ease 
of fabrication, and biocompatibility. These include 
chitosan, collagen, silk, alginate and hydrogels. 


Growth Factors: 


The growth factors which play a role in 
periodontal regeneration are the Epidermal growth 
factor (EGF), Fibroblast growth factor (FGF), Insulin- 
like growth factor (IGF), and _ Platelet-Derived 
Growth Factor (PDGF) and Transforming growth 
factor (TGF-B). They play a role in proliferation of 
immune cells, cells of epithelium, bone, and 
connective tissue. 
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PDGF and IGF-I, have been found to play a role in 
periodontal regeneration in experimental animals. Bone 
morphogenic proteins have been said to play a role as an 
initiator of bone and cementum regeneration. 


Regenerative procedures in periodontal therapy: 


Various regenerative procedures have been 
stated, tested, and studied over the last two decades to 
restore the lost periodontal tooth structures. Barrier 
membranes, bone grafts, osteoconductive biomaterials 
and most recently the use of Emdogain, which is a 
purified protein mixture obtained from developing teeth, 
are some of the surgical procedures that have been 
employed to replicate the lost structures. 


Root Surface Conditioning: 


This was the initial method for periodontal regeneration. 
The root surface after scaling was treated by different 
chemical methods and coating the root surface with 
fibronectin. This reversed the hypermineralization of root 
surface caused by periodontitis. It resulted in exposure of 
the collagen fibers and enabled it's cross-linking with the 
newly formed fibers. However, this procedure also 
caused ankylosis and root resorption as side effects and 
was hence was ruled out. 


Bone filling materials: 


The damaged periodontal tissues were packed with 
“filler” particles with the hope of inducing bone. The 
materials tried for the same included: 


# Alloplastic materials: Synthetic materials. 


# Allografts: tissue of people of same genus but 
diverse genetic composition. 


=» Xenografts: This included the grafted materials of 
different groups. 


Radiographic images of these materials looked 
perfect, and clinically they improved the clinical 
attachment levels, but histologically they appeared as 
materials encased in dense fibrous connective tissue and 
were unable to perform the desired function. Hence this 
method too did not find many takers. 


Enamel matrix proteins: 


Epithelial root sheath of Hertwig has the property 
of producing enamel proteins. These cells are 
histologically made up of the inner and outer enamel 
epithelium, which had initially played a role in formation 
of enamel in the crown portion of the _ tooth. 
Commercially available enamel matrix derivative (EMD) is 
EMDOGAIN is made up of amelogenin. 
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Guided tissue regeneration: 


The primary aim of the periodontal therapy was 
to improve the periodontal health of the patient and, 
thereby to satisfy a patient's visual and physiological 
demands. Since the clinical growth of the periodontal 
tissues in humans could not be tested for its efficacy, 
the success of the treatment could not be gauged. 


Guiding the regeneration of periodontal tissues 
was the basis for this method of periodontal therapy. 
After the graft placement with periodontal surgery, the 
periodontal defect was found to be repaired with 
epithelium and connective tissue rather than the stem 
cells of the periodontium. This resulted in the 
formation of an elongated junctional epithelium and loss 
of periodontium. 


In order to block the epithelium and connective 
tissue ingrowth, a barrier was placed in the defect 
between the bone and cementum and the natural 
periodontal stem cells were allowed to play a role in 
tissue formation. Thus, the tissue was guided into 
regeneration by a set of, as yet unidentified growth 
factors. 


However, there appeared to be a large degree 
of variability among the PDL tissue healing in different 
individuals. Aside from the factors such as the 
morphology of the defect and operator preferences, 
differences were also related to variations in the 
numbers of putative progenitor stem cells and the 
concentrations of relevant signaling factors at the 
periodontal defect site. 


The barrier membranes had to fulfill certain 
criteria. Resorbable membranes had to be made of 
collagen, polylactic acid, and polyglycolic acid together 
with the autograft and allograft materials. These 
materials got absorbed into the body once the 
periodontal tissue formation was completed. 


Non-resorbable membranes are commonly 
made of expanded polytetrafluoroethylene (ePTFE). It is 
usually placed in a two-stage procedure, and the 
membrane is removed 6-8 weeks after _ initial 
placement. 


These materials prove successful in small defects 
but could not replace a large defect, and this led 
researchers to explore biologically-based regenerative 
therapy methods involving replacement therapy with 
stem cells, growth factors, and gene therapy. (Gy 
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Outcomes of the various measures are mainly 
assessed by clinical parameters such as periodontal 
probing, and reentry evaluations. Histology continues 
to be the only reliable method to evaluate the efficacy 
of a new therapy aimed at achieving periodontal 
regeneration. However, well-controlled human 
histological studies with appropriate controls are 
difficult to achieve. 


CONCLUSION: 


Till date, many molecular and_ cellular 
mechanisms involved in the repair and regeneration of 
periodontal tissues have been recognized. Moreover, 
the recent advances in the fields of stem cell biology, 
molecular biology and human genetics have set the 
platform for significant discoveries that will make way 
for the improvement of new _ tissue-engineering 
procedures needed for the conventional regeneration 
of periodontal tissues. 


Despite the high prospect, only a few of cell 
culture products have made into the market, of which 
the vast majority of them are still in the preclinical and 
early clinical stages. 


Review Questions: 


Essay Question: 
|. What is tissue engineering? Discuss in detail 
tissue engineering and periodontics. 
Short note: 


2. Write a brief note on the possible role of Stem 
cells in periodontal therapy. 
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Ultrasonic surgery also known as Piezosurgery has 
been introduced in periodontal surgery recently. Though 
ultrasonics are used for many years to debride tooth 
surfaces, this novel instrument has _ revolutionized 
periodontal surgery. 


It is an ultrasound machine with modulated 
frequency and a controlled tip vibration range. It 
incorporates novel instruments that are versatile and 
vibrating in nature. It is approximately three times as 
powerful as ultrasonic dental unit. 


It's hard tissue surgical application uses 
multipurpose, high-end ultrasonic units. It has wide range 


of applications in craniofacial surgery, plastic and 
reconstructive surgery, head and _ neck surgery, 
neurosurgery, ophthalmology, traumatology, and 


orthopedics. Its patented, controlled 3D_ ultrasonic 
vibrations have opened up a new age in dentistry. 
Currently, it is regularly used in dentistry including 
periodontics and dental implantology, oral and 
maxillofacial surgery, endodontics and for 
temporomandibular joint surgeries. 
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History: 

Ultrasonic vibrations are used to cut tissues for 

nearly two decades. Over the last few years, it has 
become a standard application in various fields of 
surgery. 
The instrument used for ultrasonic cutting of bone 
creates micro-vibrations caused by piezoelectric effect, 
first described by French physicists — Jean and Marie 
Curie in 1880. When an electric current is passed 
across certain ceramics, the crystals are modified and 
oscillate. When a voltage is applied to a polarized 
piezoceramic, it expands in the direction of voltage and 
contract perpendicular to polarity. Due to the 
deformation caused by the current, the cutting — 
hammering movement is produced at the tip of the 
instrument. 


These effects were described and first published in an 
article by Catuna in 1953 and then by Volkov & Shepleva 
in 1974. Its application on alveolar bones in dogs was 
described by Horton et al in 1981. Ci 
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In 1988, Tomaso Vercellotti invented the 
first model of piezosurgery, a device using 
modulated functional working frequency of 25-30 
KHz and published the first human clinical study 
about “piezoelectric bone surgery”. This started an 
era of its use in oral surgery. Piezosurgery® was 
introduced in 200I. It combined ultrasound and 
piezo-effects. 

Stubinger S and Kuttenberger J et al in 2005 
reported that piezosurgery instrument is precise 
and safe for cutting hard tissues. The vessels, 
nerves, and soft tissue were not injured by the 
micro vibrations (60-200 mm/sec) and optimally 
adjusted to target only mineralized tissue. 

Hoigne et al reported the first ultrasound 
osteotomy in hand surgery in 2006. The cut was 
highly precise. Bone healing was good without 
neurovascular disturbances. 

Vercellotti also designed new surgical 
techniques including ultrasonic implant _ site 
preparation and orthodontic microsurgery — new, 
surgically guided dental movement. In 1999, this 
ultrasonic bone surgery was henceforth called as 
‘Piezoelectric bone surgery.’ 


Principles of piezoelectric instruments: 


The piezoelectric effect is the creation of 
electrical tension between crystal and ceramics like 
quartz to which a_ mechanical pressure is 
subsequently applied. The material will expand and 
then contract leading to ultrasonic vibration. When 
electricity is applied, it leads to compression and 
expansion which occurs on reversing the direction. 
When such a crystal is placed in alternating 
electrical field, the crystal can alternate between 
compression and expansion producing a series of 
vibrations. 


It is also. known as “pressure 
electrification” and defined by the term ‘piezo’ 
derived from a Greek word for pressure “piezein”. 


The distinguishing features of piezoelectric surgery 
include, 


= Formation of bubbles — due to rapid changes 
in pressure within liquid, formation and immediate 
implosion of cavities within liquid (small, liquid-free 
zones) occurs and is called bubbles. 
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» Cavitation -It describes the process 
of vaporization, bubble generation, and 
subsequent implosion into many minute 
fractions of the original size (microscopic gas 
bubbles) due to ultrasonic vibrations. This effect 
also enhances the visibility of the surgical 
operating field by dispersing the coolant fluid 
as an aerosol that washes the blood away. 
This effect also brings hemostasis leading to a 
bloodless surgery. It can also fragment the cell 
walls of bacteria having an antibacterial/ 
disinfecting effect. 


Cutting characteristics depends on degree of 
bone mineralization/density, design of the insert, 
pressure applied on the handpiece during use and speed 
of movements during use. The frequency of ultrasonic 
vibrations (Hz), level of power and water spray can be 
adjusted according the procedure. 

Dense bones may need upto 30 Hz and should 
alternate with pauses for optimal cutting. Alternating 
high frequencies with pauses prevent the inserts being 
lodged in the bone and avoid overheating. 


Macro vibration vs. Micro vibration: 


Manual instruments like chisel, osteotome or gouge 
offer good control in removing small amounts of bone 
but are difficult to control in cortical bone, when 
precise cuts are essential. 


Motor-driven instruments that have rotary/ reciprocal 
or oscillatory movements are used when bone is very 
dense. They transform electric or pneumatic energy 
into mechanical cutting action using burs or saw 
blades. The amount of heat generation in the cutting 
zone could be reduced by water irrigation. These 
cutting tools have reduced tactile sensitivity and 
determination of cutting depth. They can cause soft 
tissue complications like lacerations, burns and tissue 
necrosis. They are loud and produce macro- 
vibrations. These can instill fear and stress in patients 
when the procedure is performed under local 
anesthesia. 


The piezoelectric surgery uses ultrasonic micro 
vibrations to create a precise and tactile-controlled 
osteotomy. These micro vibrations can selectively cut 
bone and does not work on soft tissue. The surgical 
access is easier in deeper regions of oral cavity than 
surgical burs in a straight handpiece. 
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Tab-58-1: Differences between piezoelectric surgery and motor-driven instrument 


Features 


Piezoelectric surgery 
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Motor driven instruments 





Hard tissue cut. General 


Hard tissue cut- Thin 
and fragile bones 


Effects on Soft tissues 
& the risk of 


It is precise and tactile-controlled, 
minimally invasive surgery technique 
which is limited to mineralized hard 
tissue. 


It can be used safely in thin and fragile 
bones as the cuts produced are precise 
and virtually arbitrary cuts are produced 
along desired geometries. 


It is protective of anatomical structures 
such as nerves, vessels and membranes 
and has a minimal accidental damage to 


It has reduced tactile sensitivity and depth 
of cut. 


The bulky conventional instruments as well 
as rotary instruments can lead to fractures 
in thin and fragile bones as the application 
of pressure cannot be controlled with 
them. 

It may cause lacerations, burns and tissue 
necrosis and the risk of accidental damage 
to anatomical structures is high. 


accidental damage. 
tissue. 


Noise levels No loud noise. 
Access to deeper 


regions of oral cavity. motor-driven instruments. 





It requires effortless surgical control, as 
it requires lesser force than rotational 


Surgical control 


burs. 


Time consumed 


It affords better surgical access than 


It is slower than the motor-driven 


The noise generated is loud and may instill 
fear and stress among patients. 


It is difficult to surgical access deeper areas 
of the oral cavity with the rotary 
instruments mounted on an handpiece. 


They require more force and effort for 
surgical control. 


It is faster than piezosurgical instruments. 


instruments and hence requires slightly 


longer surgical time. 


Cost Expensive. 


Instruments: 


The piezoelectric device consists of a handheld 
device (handpiece), a base unit, and a foot pedal. It has 
different inserts for varied applications that can be 
screwed onto the handpiece. The settings can be 
adjusted on the base unit and handpiece is controlled 
with the foot pedal. 


It has two operating modes — Bone mode and Root 
mode. The root mode has two programs — ENDO and 
PERIO program that utilizes low to intermediate level of 
power without frequency overmodulation. The bone 
mode uses high power levels with frequency 
overmodulation to cut different types of bone. It also 
has a special program to make extremely thin and 
efficient cuts. 


Gy 


Cost effective. 


The handpiece can be fitted with various tips for 
osteoplasty, osteotomy, separating soft tissue from 
bone and cutting bone. When compared with 
oscillating micro-saws, the movement of piezosurgery 
scalpel tip is very small. The micro movements are in 
the frequency of 25-29 KHz and an amplitude of 
60-210um based on the insert tip. 5-VWW power is ideal 
for speed and precision in surgical procedures. 
However, the power can be adjusted from 2.8 to 16W 
for its varied usage. 


UBS device (Resista) is one such piezosurgery device 
available. It works in the 20- to 32-KHz, and its 
maximum ultrasound power is 9OW. The tips to be 
used are made of titanium alloy. It has six different tips 
to be used for extraction and six more tips for implant 
osteotomy preparation. 
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Mectron Piezosurgery system has introduced a 
piezoelectric knife to improve its usability periodontal 
surgery. Vibrating arrow-like tips or syndesmotomes are 
the tips used for tooth and root extraction. 


It uses low-frequency piezoelectric ultrasonic 
vibrations that precisely cut the bone, without cutting 
the soft tissues and vital structures like Schneiderian 
membrane, nerves or periosteum. The mechanical 
energy can be passed to the soft tissue as heat. Cooling 
is done with 4°C refrigerated solution via the pump 
system of device. The coolant has a flow of 0 — 60ml/ 
min. 


Morphological-Functional Classification: 
It describes the structure of the insert and the 
cutting characteristics. 
= Sharp — cutting. 
# Diamond-coated — abrasive. 
= Rounded — smoothing. 


The clinical classification: 
The inserts are classified according to basic 
surgical technique such as follows: 
|. Osteotomy 
2. Osteoplasty 
3. Extraction. 
4. Implant site preparation. 
5. Periodontal Surgery. 
6. Endodontic Surgery. 
7. Sinus Lift. 
8. Ridge Expansion. 
9. Bone Grafting. 
10. Orthodontic Microsurgery. 

Various shapes include scalpel, cone compressor, 
bone harvester and sharp-tipped saw inserts are 
available. The available insert tips could be as follows: 

» Sharp tips — osteoplasty techniques and 
harvesting bone chips. 

» Saw-shaped tips — effective for cutting high- 
density bones at high power levels. 

= Smoothing tips — sinus window or access to a 
nerve or to obtain the final bone shape in 
osteotomy 

= Blunt tips — preparing soft tissues, elevating 
Schneider’s membrane, lateralizing nerves or root 
planing. 
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» Thin, tapered tips — used for debriding 
residual soft tissue and root surface scaling in 
periodontal surgery. 


* Final smoothing with ultrasonic insert — 
Ppl creates a clear field with an ideal bony 
architecture ready for flap closure. 


» Gold color tips have a coating of titanium 
nitride. This 
hardness for a longer working life. They are used 
to treat bone. 


coating improves the surface 


» Steel insert tips are to be used on soft tissue 
or delicate surfaces like tooth roots. 


# Diamond are also available. They are used 


closer to anatomical structures. They are 


available as sharp, smooth and blunt insert tips. 


Instrumentation: 


Periodontal debridement: By changing to a thin, 
tapered tip and altering the power setting, it can be 
used to debride the field of residual soft tissue and 
root surface scaling. 


Implant bed preparation: Newer tips have been 
developed to prepare the implant bed in extraction 
sockets. They provide cleaner bone cuts and better 
conditions for bone healing than rotary instruments. 


Extraction: They are inserted into the gingival sulcus 
into the space occupied by the PDL between the root 
and the socket to cut the PDL fiber up to or greater 
than !O0mm. Then, the tooth 
severing the most apical fibers. This nearly atraumatic 


is mobilized after 


extraction does not damage the coronal portion of 
the socket. 


Applications: 


The philosophy is to perform minimally 
invasive surgery that reduces postoperative pain and 
swelling with surgical predictability. 


The following are its multiple therapeutic 
applications in periodontal and dental implant surgery: 
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e Periodontics: 


Gingival cutting without bleeding. 

Root planning. 

Crown lengthening procedures. 

Removal of supragingival and subgingival 

calculus deposits. 

Periodontal pocket lavage with simultaneous 

ultrasonic tip movement. 

Soft tissue debridement to remove secondary 

flap after incision through retained periosteum. 

Resective surgery esp in hard mineralized 

tissue surgeries. 

“* Osteoplasty. 
“* Osteotomy. 

Periodontal regenerative surgery. 

** Bone grafting of infrabony periodontal 
defect. 

“* Bone harvesting techniques for 
autogenous grafts (Chips and blocks) — 
collection of particulate bone with a 
bone trap is a quality method to 
collect autogenous bone for correcting 
localized defects. 


e Dental implant surgery: 


Implant osteotomy preparation. 
Alveolar ridge splitting and expansion before 
implant placement. 

Recontouring of alveolar crest. 
Nerve Transposition - Mental nerve 
repositioning. 

Sinus lift procedures. 

Implant removal. 

Lefort | osteotomy. 

Relocation of malposed implants. 
Peri-implantitis and calculus removal. 
Removal of dental implants. 


The following are its common uses in oral maxillofacial, 
endodontic and orthodontic surgery: 
e Oral surgery: 


Atraumatic Tooth extraction. 


Extraction of ankylosed teeth. 
Osteogenic distraction. 

Cyst and tumor removal. 

Surgical ostectomy and osteoplasty 
procedures. 

Orthognathic surgery. 


TMJ ankylosis resection. 
Jaw resection. 


Removal of osteosynthetic materials like callus 
around mini-plates and screws. 
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Endodontics-Endodontic surgeries requiring 
osteotomy and in root-end preparations. 
Orthodontic surgery — microsurgery, 
osteotomy, and corticotomy. 


It is also used for Minimally invasive caries therapy and 
ulcer debridement in diabetic patients. 


Advantages: 


lt offers effortless surgical control, as it requires 
lesser force than rotational burs. The clinician 
has a better feel and precision in handling. 


It vibrates within a width of 60-200mm at a 
modulated ultrasonic frequency without any 
increase in temperature, thus avoiding tissue 
damage. 


The micrometric cut of the scalpel provides 

intraoperative precision with minimal tissue 
damage and needs only a slight amount of 
pressure than micro-saws. 


Selective cutting action - This vibration was 
optimal for cutting bone without harming adjacent 
tissues. The selective frequency minimizes the risk 
to adjacent soft tissues/nerves/vessels/ mucosa. 
This is similar to peeling the shell from a raw egg 
without damaging the thin membrane located just 
inside the shell. A diamond coated tip is used to 
penetrate the shell and inverted cone tip is used 
to displace the shell membrane. 


Maximum intra-operative visibility — cavitation 
effect and pressurized irrigation 


Hemostasis due to cavitation effect. It creates 
virtually, a bloodless surgical site. 


It can be used for surgical ostectomy and 
osteoplasty procedures. It can cut bony windows 
with simplicity and precision without the risk of 
membrane perforation in even complex situations 
of sinus-lift procedures. 


It can remove small quantities of bone adjacent 
to exposed root surfaces without damaging tooth 
structure. 


lc eliminates noise associated with manual or 

high-speed instrumentation and produces a 
smooth root surface. It is more comfortable to 
the patient, as they are familiar with ultrasonic 
instrumentation used for debridement. 
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Reduced trauma to 
a0 oe 





Precise and tactile- 
controlled osteotomy 


Selective cutting of 
mineralized tissue. 


Significant 
reduction of 


Precise cutting trauma to soft 


(limited vibration tes 
amplitude and No thermal 
specific design of damage 


osteotome tips) 
Curvilinear cutting. 


The clinican has 
better feel and 
precision in 
handling. 


Excellent access and 
visibility within the 
surgical field: 
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Sterile irrigation. 





Reduced Steam sterilization 


hemorrhage 


(cavitation effect)- 
Minimal bleeding. 


High luminosity 
LED lights.- 


Improves visibility. 


Effective 
pressurized 
irrigation.-Clear 
surgical field. 


Fig 58-1: Advantages of piezosurgery 


lt affords minimal surgical stress with excellent 
tissue healing. It's cutting action is less invasive, less 
collateral tissue damage occurs and the surgical 
site heals faster. 


lt reduces risk of postoperative necrosis. 


It can be used to create positive, physiologic 
architecture of bone support 


It leads to faster healing, as it does not injure 
osteoblasts and release of BMPs. 


It offers an ease of harvesting intraoral and 
extraoral autogenous grafts. 


Due to absence of macro-vibrations, patient feels 


comfortable during surgeries under local 
anesthesia. It minimizes patient’s psychological 


stress and fear during such procedures. 


Modified setting could be used for excision of soft 
tissue lesions in children. 


It can be used to do biopsy as it causes minimal 
structural damage than conventional burs. 
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Limitations: 


e Operating time is slightly longer (20%) than 
traditional cutting devices. 


e Increase in working pressure can impede the 
vibration of device and reduce oscillation. This 
leads to heat generation and tissue damage. 


e Slow movements over the bone can increase 
the temperature. 


e Not recommended for with 


pacemakers and cardiopathy. 


patients 


e The cost of installing and setting up the 
equipment. 


e It has a different learning curve and probably a 
longer one. 


e Rapid wearing out of inserts is a concern. 


e Limited variety of tips can affect its usage. 
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Lateralization 
of the 
inferior 
alveolar 
nerve 


Preparation 
of the 
implant site 


Edentulous 
ridge splitting 


Sinus-floor 
elevation 





Fig 58-2: Primary applications of 
Piezosurgery in dental implant surgery. 


Clinical Reviews: 


Schlee and Markus et al at 2006 reported 
therapeutic features of piezosurgery. It included a 
micrometric cut (precise and secure action to limit 
tissue damage, especially to osteocytes), a selective cut 
(affecting mineralized tissues, but not surrounding of soft 
tissues) and a clear surgical site (the result of cavitation 
effect created by irrigation/ cooling solution and 
oscillating tip). 

Dong-Seok Sohn et al reported in 2007 that less 
vibration and noise as it uses micro-vibration. The 
osteotomy was effective with minimal or no trauma to 
soft tissue. 


Happe A et al reported in 2007 about a 
piezosurgical technique to harvest bone grafts from the 
mandibular ramus. It allowed precise, clean and smooth 
cutting with excellent visibility. It Provides favorable 
osseous repair and remodeling than harvesting with 
carbide or diamond burs. 


Schaeren et al have reported that even under 
direct nerve exposure to piezosurgery, it does not 
dissect the nerve. The nerve was able to regenerate with 
intact perineural sheath, which is not possible with other 
cutting instruments. 
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Studies using modulated-frequency 
piezoelectric knife showed a more favorable response 
than diamond or carbide burs in ostectomy and 
osteoplasty. It produced more favorable osseous 
repair and remodeling. It seems to be more efficient in 
first phases of bone healing. It induces an earlier 
increase in BMPs, controls inflammation and stimulates 
bone remodeling as early as 56 days after treatment. 


There are suspicions about bone overheating 
with the use of vibrating tips. However, studies after | 
year of implant loading has revealed that thermal 
necrosis is not a relevant threat. 


Baker et al in an ex vivo study found that the 
Piezoelectric implant site preparation affords similar 
primary implant — stability in comparison to 
conventional rotary instrumentation in cortical bone. 


In a histological study in rates by Sirolli et al 
they found that the implant site preparation with 
piezosurgery was beneficial to bone healing rates in 
the cancellous bone region, while the drill technique 
produced better results in the cortical bone. 


Sagheb et al in an another study found that 
Piezosurgery and conventional implant bed drilling 
procedure do have similar mechanical outcomes 
regarding primary stability with high resonance 
frequency analysis values. 


Esteves et al evaluated the dynamics of bone 
healing after osteotomies with piezosurgery and 
compared them with those associated with traditional 
bone drilling in an animal model. The study failed to 
detect significant differences in expression of all the 
proteins and most of the genes tested using 
Immunohistochemical and qRT-PCR analyses. 
However, Histologically and histomorphometrically, 
bone healing was similar in both groups with the 
exception of a slightly higher amount of newly formed 
bone observed at 30 days after piezosurgery. The 
authors concluded that in a rat tibial bone defect 
model the bone healing dynamics after piezosurgery 
are comparable to those observed with conventional 
drilling. 

Studies have shown that piezosurgery has made 
split technique easier, safer, and also reduced the risk 
of complications in the treatment of extreme atrophic 
crests. Moro et al studied newer tips designed for 
treatment of atrophic ridges and concluded that the 
piezoelectric technique proposed allowed both 
horizontal and vertical bone. 
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Conclusion: 


lt can be used to complement traditional oral 
surgical procedures, as it is a new surgical technique. It 
can be used for safe and effective bone surgeries as they 
lack macro-vibrations. It is easy to use and control, 
especially particularly in complex anatomical areas. 


Review Questions: 


Essay Questions: 


|. What is piezoelectric surgery? What are its 
applications in periodontal surgery? 


Short notes: 


2. What are the advantages and limitations of 
piezoelectric surgery? 
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Chapter Outline: 


¢ DEFINITIONS AND TERMINOLOGY 

¢ Goals of maintenance therapy 

¢ Rationale of supportive periodontal therapy. 

¢ MAINTENANCE PROGRAM. 

¢ Examination and evaluation. 

¢ Maintenance Recall Procedures. 

¢ Recurrence of periodontal disease 

¢ Clinical reviews. 

¢ Role of photodynamic therapy (PDT) in 
maintenance therapy. 

¢ Patient compliance. 


Periodontal maintenance is recognized as an integral 
part of current periodontal therapy. It has a significant 
impact on periodontal prognosis and eventual tooth 
survival. It depends on the effectiveness and efficacy of 
maintenance therapy along with role of patient 
compliance. 


It includes the control of periodontal parameters 
and stabilization of disease progression. It is an act of 
continually caring for and preserving dentition in health 
and function. The long-term success of periodontal 
therapy depends less on the manner in which the case 
was treated than on rigorous follow-up of the wound 
healing process immediately after therapy and how well 
the case is maintained in subsequent recall. 


It is meaningless simply to inform patients that 
they should return for periodic recall visits without 
clearly explaining the significance of these visits and 
describing what is expected of patients between visits. 
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Does compliance with periodontal maintenance 
increase the risk of tooth loss? 

Current concepts about periodontal maintenance/ 
supportive periodontal therapy. 

Classification of post-treatment patients. 
Complications of supportive therapy. 
Conclusions. 

Review questions. 

Essay Questions. 

Short notes. 

Principal references and suggested further reading. 


Definitions and Terminology: 


PERIODONTAL MAINTENANCE (formerly 


referred to as Supportive Periodontal Therapy 


[SPT), Preventive Maintenance, Recall 
Maintenance): Procedures performed at selected 
intervals to assist the periodontal patient in 


maintaining oral health. As part of periodontal therapy, 
an interval is established for periodic, ongoing care. 
Maintenance procedures are under the supervision of 
the dentist and typically include an update of the 
medical and dental histories, radiographic review, 
extraoral and intraoral soft tissue examination, dental 
examination, periodontal evaluation, removal of the 
bacterial flora from crevicular and pocket areas, 
scaling and root planing where indicated, polishing of 
the teeth, and a review of the patient's plaque control 
efficacy. Periodontal maintenance procedures 
following active therapy is not synonymous with a 
prophylaxis. (Glossary of Periodontal Terms, 2001) 


vy 


Cc Recent Advances in Periodontal Therapy 


SUPPORTIVE PERIODONTAL TREATMENT 
(Periodontal maintenance, Preventive 
maintenance, Recall maintenance): An extension 
of periodontal therapy. Procedures performed at 
selected intervals to assist the periodontal patient in 
maintaining oral health. These usually consist of 
examination, an evaluation of oral hygiene and 
nutrition, scaling, root curettage and polishing of teeth. 


According to the American Academy -- of 
Periodontology, Periodontal Maintenance Therapy 
(PMT) is an extension of active periodontal therapy, it 
begins directly after therapy and continues at regular 
intervals for the entire period in which the teeth 
remain in the mouth. PMT aims “to minimize the 
recurrence and progression of periodontal disease in 
individuals who have been treated previously for both 
gingivitis and periodontitis, to reduce the incidence of 
tooth loss by monitoring the dentition and prosthetic 
replacements of the natural teeth, and to increase the 
probability of periodically locating and treating other 
diseases and conditions found in the oral cavity.’ 

The maintenance phase of periodontal 
treatment starts immediately after the completion of 
Phase | therapy. While the patient is in maintenance 
phase, the necessary’ surgical and_ restorative 
procedures are performed. 
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Phase IV (maintenance) 
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(periodontal sugery) 





Fig.59-Il: Correct Sequence of periodontal 


treatment phases. (Carranza’s Clinical 
Periodontology) 
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Goals of maintenance therapy: 


e Close monitoring of the patient, early disease 
recognition and prompt treatment 


o To increase the probability of locating 
and treating, in a timely manner, other 
diseases or conditions found in the oral 
Cavity. 


e Minimizing bacterial plaque to limit risk and 
prevent further advancement of existing disease 


Oo To minimize the recurrence and 
progression of periodontal diseases in 
patients who have been __ treated 
previously for gingivitis and periodontitis. 


e Maintenance of oral health by increasing the 
probability of locating and treating other diseases 
and conditions. 


e Maintenance of optimal chewing function. 


e Prevent or minimize the recurrence of the 
disease progression 


o Prevention of new infection (Gingivitis, 
Periodontitis). 


o Prevention of reinfection of inactive 
residual pockets. 


e Prevention of dental caries. 


e To reduce the incidence of tooth loss by 
monitoring the dentition and any prosthetic 
replacements of natural teeth including dental 
implants. 


Rationale of supportive periodontal therapy: 


A regular program of clinical re-evaluation, 
adequate biofilm control and reinforcement of oral 
hygiene instructions should be established to maintain 
the benefits of periodontal therapy. Thus, supportive 
periodontal therapy is a critical factor for success in 
controlling periodontal disease and maintaining 
functional dentition during life. Without maintenance 
therapy, the disease activity recurs leading to further 
destruction of periodontal tissues leading to tooth 
loss. 
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Studies have shown that even with appropriate 
periodontal therapy, some progression of disease is 
possible. Reasons for this could be: 


=» Incomplete subgingival plaque removal. If 
subgingival plaque is left behind during scaling, it 
will re-grow within the pocket. 


= Bacteria are present in the gingival tissues in adult 
and juvenile periodontitis cases. Eradication of 
intra-gingival microorganisms may be necessary for 
a stable periodontal result. Scaling, root planing, 
and even flap surgery may not eliminate intra- 
gingival bacteria from some areas. These bacteria 
may recolonize the pocket and cause recurrent 
disease. 


= Bacteria associated with periodontitis can be 
transmitted between spouses and other family 
members. Patients who appear to be successfully 
treated can become infected or re-infected with 
periodontal pathogens. 


Subgingival scaling alters the microflora of 
periodontal pockets. In a study, a single session of 
scaling and root planing in patients with chronic 
periodontitis resulted in significant changes in 
subgingival microflora. However, the rate of return of 
the pre-treatment microbial flora varied from patient to 
patient. 


Patients tend to reduce their oral hygiene efforts 
between the appointments. Knowing that their hygiene 
will be evaluated causes them to perform better oral 
hygiene efforts between appointments. 


In conclusion, there is a sound scientific reason 
for recall maintenance phase. 


MAINTENANCE PROGRAM: 


The major steps include 

= Updating medical, dental and social history 

# Detailed clinical and radiographic examination 

» Determining diagnosis and prognosis 

= Review of oral hygiene compliance 

= Performing supragingival and subgingival 

instrumentation. 

For patients without signs of periodontitis, this 
professional maintenance regimen is termed Dental 
Prophylaxis. It is composed of an examination and 
review of the patient’s plaque-control efficiency, 
application of topical fluoride, scaling and polishing 
procedures to remove coronal plaque, calculus and 
stains from the crowns of teeth. 
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For patients who have completed surgical or non- 
surgical treatment of periodontitis, this regimen is 
called periodontal maintenance or supportive 
periodontal therapy. It includes examination and 
review of plaque control, scaling, and polishing of the 
teeth and removal of bacterial flora from crevicular 
and pocket areas of tooth-root surfaces. 

= Periodontal care at each recall visit comprises 

three parts 


e Examination (approximately | 7 minutes) 
e Treatment (approximately 35 minutes) 


e Schedule next appointment 
(approximately | minutes) 


Examination and evaluation: 


» Updating changes in the medical history and 
evaluation of restorations, caries, prosthesis, 
occlusion, tooth mobility, and periodontal 
pockets are important components of the 
recall visit. 


7 Radiographic examination must be 
individualized depending on the initial severity of 
the case and the findings at the recall visit. 
Checking of plaque control: 
7 Plaque control must be reviewed and 
corrected until the patient demonstrates the 
necessary proficiency, even if additional 
instruction secessions are required. 
Treatment: 
7 The required scaling & root planing are 
performed 
" Irrigation with antimicrobial agents is 
performed in maintenance patients with 
remaining pockets. 
Maintenance Recall Procedures: 
Part I: Examination (approximate time 14 - 17 
minutes) 
= Patient greeting 
" Medical history changes 


= Complete extra-oral and intra-oral examination 
that include Oral pathologic examination/ oral 
cancer screening. 


= Oral hygiene status. 

= Gingival changes. 

= Pocket depth changes. 

= Mobility changes. 

= Occlusal changes. 

= Dental caries. 

= Restorative, prosthetic and implant status. 


Y 





Cc Recent Advances in Periodontal Therapy 


Patients with clinical caries or high risk 
for caries. 

Patients with no clinical caries and no 
high-risk factors. 

Patients with periodontal disease not 
under good control. 


Patients with history of periodontal 
treatment with disease under good 
control. 

Patients with root form dental implants. 


Transfer periodontal or implant 
maintenance patients. 
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Posterior bitewing examination at 12 to 18-month 
intervals. 

Posterior bitewing examination at 24 to 36-month 
intervals. 

Periapical and/or vertical bitewing of problem areas 
every 12 to 24 months; full-mouth series every 3 to 
5 years. 

Bitewing examination every 24 to 36 months; full 
mouth series every 5 years. 


Periapical or vertical bitewings at 6, 12, & 36 
months after prosthetic placements, then every 36 
months unless clinical problems arise. 

Full-mouth series if a current set is not available. If a 
full-mouth series has been taken within 24 months, 
then radiographs of implants and periodontal 
problem areas should be taken. 





Tab 59-1 Radiographic examination of SPT recall patients (Matteson et al.): 


Part Il: Treatment (approximate time: 36 minutes) 


# Oral hygiene reinforcement. 


= Removal of supragingival and subgingival bacterial 


plaque and calculus 
e Scaling. 


e Polishing. 


# Chemical irrigation or site-specific antimicrobial 


placement 
= Implant debridement, if indicated 
= Polishing, if necessary 
= Review of patient's oral hygiene efficacy 


Part Ill: 
(Approximate time: |0 minutes) 


» Write report in chart 

= Discuss report with patient 

= Clean and disinfect operatory. 
= Schedule next recall visit. 


= Schedule further periodontal treatment. 


Report, Clean up and_ scheduling . 


Recurrence of periodontal disease: 


Clinical studies have shown that even under 
routine maintenance programs, there is a_ small 
proportion of patients (10-20%) who will continue to 
suffer from occasional episodes of recurrent 
periodontal re-infections. All periodontal patients are 
considered to be in medium to high risk. Hence, the 
risk level should be determined for each patient. The 
frequency and extent of professional support to 
maintain attachment levels. 


The symptoms could be: 


=" Recurring inflammation revealed by gingival 
changes and bleeding of the sulcus on probing. 


Increasing sulcular depth, leading to the 
recurrence of pocket formation. 


= Gradual increases in bone loss as determined by 
radiographs. 


= Gradual increases in tooth mobility as 
ascertained by clinical examination. 


» Recession 


# Suppuration 


=» Schedule or refer for restorative or prosthetic 


treatment. 


yy 


# Increased mobility with no change in pocket 
depth and no radiographic change. 
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= Increased pocket depth with no radiographic 
change. 


= Increased pocket depth with increased 
radiographic bone loss. 


= Deep residual pockets. 


Causes of recurrence are as follows: 
= Poor oral hygiene 


» Inadequate or insufficient treatment that has 
failed to remove all the periodontal factors 
favouring plaque accumulation. 


= Inadequate restorations placed after the 
periodontal treatment was completed. 


» Failure of the patient to return for periodic 
checkups. 


= Presence of some systemic diseases that may 
affect host resistance to previously acceptable 
levels of plaque. 


Clinical Reviews: 


Nyman et al concluded that periodontal 
surgery will fail in those patients with poor oral 
hygiene who are not seen on regular recall. 


De Vore et al reported progressive bone loss 
and increased tooth loss when compared to initial 
presentation, among patients treated for periodontal 
disease but with infrequent maintenance. 


Becker et al reported that surgical 
intervention was of little value in the absence of 
maintenance phase. They also found furcation 
involvement, no reduction in probing depth and 
worsened bone scores in such patients without 
maintenance therapy. They also reported that 
periodontal therapy and = =maintenance — can 
successfully reduce moderate to deep periodontal 
pockets with minimal long-term bone loss. Axelsson 
& Lindhe along with Cortellini et al confirmed the 
need of regular maintenance therapy after 
periodontal surgery to maintain health. 


Studies confirm that good oral hygiene and 
professional cleaning are essential for success of 
periodontal surgical treatment and to prevent 
further progress of periodontal disease. Without 
maintenance therapy, there is 3-5 times higher rate 
of attachment loss in such surgical cases and 45% of 
patients returned to pre-treatment values. 
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Westfelt et al reported that Critical probe 
depth (initial probing depth below which loss of 
clinical attachment occurred and above’ which 
attachment gain had resulted) was low in patients on 
frequent recalls, and it increased in patients with less 
frequent intervals. 


Oliver et al reported that tooth loss due to 
periodontal disease could be prevented with effective 
treatment and regular maintenance. 


Studies reveal that more surgeries were 
performed in the maxillary arch. Molar teeth, 
especially maxillary molars, had the highest percentage 
of loss following surgery. Mandibular canines and first 
premolars were the most resistant to periodontal 
disease and had the best survival rates. 


Lindhe and Nyman reported that treatment of 
advanced periodontal disease resulted in a clinically 
healthy state which could be successfully maintained 
by the patient, over a period of |4 years. The placebo 
effect on periodontitis and its progression is unclear. 
The patient can show improved plaque control in 
anticipation of a forthcoming examination resulting in 
decreased measurements of plaque accumulation and 
gingival inflammation. It could also result from patient 
expectations and _ conditioning, empathy and 
reassurance that results after interaction with the 
patient and the clinician. Patient’s positive 
expectations for care and warm manners shown by 
the clinician improved the health outcomes. 


In 1982, Ramfjord et al reported a study 
evaluating the effects of regular periodontal 
maintenance therapy over 8 years. Following active 
therapy, oral hygiene reinforcement and supra- and 
subgingival debridement occurred every 3rd month. 
The graph shows the comparisons of attachment 
levels in 25% of the patients having the lowest average 
plaque scores (low plaque) versus those with the 25% 
having the highest average scores (high plaque) over 
an 8-year time span. These data suggest that regular, 
3-month periodontal maintenance therapy’ can 
maintain periodontal attachment regardless of patient 
plaque scores. 


Morrison et al reported a /-year longitudinal 
study with better probing levels and attachment gain 
for the first 3 years in patients with 7-12 mm probing 
depth. They concluded that severity of recurrent 
gingivitis with 3-month recall visits and maintenance 
therapy had little effect on probing depth and 


attachment level. 
(3) 
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Chace in I95I reported that maintenance of 
the treated periodontal patient should be carefully 
considered, and a _ definite routine should be 
established. It includes patient education, oral hygiene 
reinforcement, full mouth radiographs every 2 years 
and 2-3 month recall intervals. 


Subsequently in 1967, Chace indicated that 
general dentists who participate in periodontal 
maintenance should have an_ understanding of 
periodontal pathology, basic periodontal procedures, 
techniques necessary for the use of curettes and time 
demands of preventive treatment. They should be 
aware of the tendency to develop new periodontal 
lesions. 


In 1977, Chace suggested that recurrence of 
periodontal disease is possible even with care. The 
reasons for regression should be completely evaluated 
and may include oral hygiene regimens, surgical 
techniques, occlusal factors and systemic factors. 


Factors influencing maintenance _ interval 
includes oral hygiene, level of calculus formation and 
various host factors. Schick in 1981 reported that 3- 
month interval should be increased, maintained or 
decreased depending on an evaluation of the stability 
of supporting structures. It should include thorough 
prophylaxis and complete reinforcement instructions 
in oral hygiene. 
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The frequency of maintenance could be determined by 
using bleeding on probing. 

= If >16% of sites show bleeding on probing, the 
frequency of maintenance is increased by | month 
( every 4 months increased to every 3 months). 


= If <10% of sites show bleeding on probing, decrease 
frequency of maintenance by | month (every 2 
months decreased to every 3 months). 


Schallhorn and Snider in 1981 described prevention of 
periodontal disease in 3 levels — preventing inception 
of disease, preventing progression of existing disease 
and preventing recurrence of disease following 
treatment. They described 4 types of periodontal 
maintenance therapy — 


= Preventive. 


= Trial (allows time for decisions regarding 
definitive therapy), 


= Compromise (palliative maintenance). 


= Post-treatment (provided to prevent 
disease recurrence). 


TYPE DESCRIPTION CLINICAL EXAMPLE 
Preventive Prevents inception of disease |e Patients with systemic disease that 
maintenance in patient at risk for predispose them to oral disease, 
periodontal or peri-implant |e Patients with dexterity problems that 
pathology complicate oral hygiene practices 
Trial Maintains borderline | e Borderline pocket depths or furcation 
maintenance conditions, observes for defects, 
progression of periodontal |e Inadequate gingiva around teeth or 
disease and the need for further implants, 
treatment e Gingival architectural defects 
Compromise Intended to slow disease |e Periodontal defects persist after 
maintenance progression in a patient who corrective therapy 
would benefit from corrective |e Patient with Moderate chronic 


Post-treatment 


maintenance 


treatment but is not a surgical 
candidate because of health, 


economics, inadequate oral 





hygiene or other considerations 


e Most commonly prescribed 
mode of maintenance 
e Prevents recurrence of 


disease after successful 


corrective therapy. 


periodontitis or peri-implantitis who 
cannot undergo surgical corrective 
therapy due to current 
cancer/chemotherapy treatment 
Localized aggressive periodontitis, 
Peri-implantitis successfully treated 


with regenerative surgical therapy 


Tab 59-2: Periodontal Maintenance Therapy 
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Long-term outcome studies reveal that without 
periodontal maintenance therapy, the patients lose 2-3 
times the number of teeth and have two-fold increased 
risk for requiring re-treatment. 


During maintenance period, majority of patients 
show relatively stable periodontal health while about 10 
— 20% of patients’ exhibit disease recurrence. Studies 
reveal a marked increase in preventive and maintenance 
periodontal care in populations that retain their dentition 
for an increasingly longer lifetime. 


The Proceedings of the Fourth European 
Workshop on Periodontology concluded that there were 
no randomly controlled trials that addressed the 
effectiveness of combined periodontal maintenance 
therapy for periodontitis. The panel recommended that 
such trials be initiated and that present care of patients 
with periodontitis should be based on cause-related 
therapy established in clinical studies. 


Rosling et al have reported in their longitudinal 
study that regular periodontal maintenance program in 
every 3 months with repeated oral hygiene instructions 
and subgingival debridement maintained the bone and 
attachment levels over a |2-year period among 80% of 
high susceptibility patients and >95% of normal 
susceptibility patients. 


Tamaki et al have analyzed the plasma levels of 
reactive oxygen metabolites to assess oxidative stress 
and biologic antioxidant potential to evaluate the 
corresponding antioxidative status among patients in 
periodontal maintenance. They reported a _ positive 
relationship between periodontal condition and plasma 
oxidative status among patients. 


Bogren et al have reported that powered 
toothbrush and triclosan dentifrice was not superior to 
manual toothbrush and standard fluoride dentifrice in 
periodontitis-susceptible patients undergoing regular 
maintenance therapy. 


Costa et al performed a prospective study on 
PMT to evaluate the progression of periodontitis and 
tooth loss in relation to glycemic control. They reported 
that the interaction between smoking and poor glycemic 
control increased the risk for progression’ of 
periodontitis and tooth loss. 
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Costa et al performed an epidemiological 
study comparing PMT in both academic and private 
practices. They reported that patients treated in 
private practice showed _ significantly less 
progression of periodontitis and tooth loss 
compared to academic group. The risk variables for 
designing a PMT program should include biologic, 
behavioral and socio-economic variables like 
smoking, diabetes, treatment modality suggested by 
the professionals, education levels, age, etc. This 
design can minimize or neutralize the influence of 
predictable risk variables in individuals susceptible 
to periodontal problems. Most of the reported 
studies were retrospective in nature and could 
generate greater bias in their results. Hence, they 
consider that a prospective study can produce a 
greater impact. 


Tada et al studied the impact of periodontal 
maintenance on tooth survival in patients with 
removable partial dentures. They found that the 
longitudinal clinical data indicated that periodontal 
maintenance at least once in 6 months had the most 
favourable outcome. They also found that the 
Intervention by frequent periodontal maintenance 
after RPD provision led to the most favourable 
survival outcome for abutment teeth. 


Role of photodynamic therapy (PDT) in 


maintenance therapy: 


Hujoel et al studied the clinical and microbiological 
effects of the adjunctive effect of PDT in patients on 
periodontal maintenance. They reported that 
mechanical debridement followed by PDT produced 
a Statistically significant reduction in bleeding on 
probing and full-mouth plaque scores but without 
any additional improvement in terms of periodontal 
probing depth and clinical attachment loss. 


Chondros et al also reported a similar reduction in 
bleeding on probing after a single application of PDT 
in maintenance patients. 


Campanile et al reported a significant change in 
residual periodontal pockets when used as an 
adjunct to ultrasonic debridement. They also found 
a significant decrease in levels of C - reactive 
protein, serum amyloid A, fibrinogen, procalcitonin 
and a-2 microglobulin in GCF. 


Y 


Cc Recent Advances in Periodontal Therapy 


Lulic et al have reported that PDT could be used 
for residual pockets in periodontal maintenance therapy. 
Repeated application reduced bleeding on probing and 
probing depth by 0.67mm and positive treatment 
outcomes after 6 months. 


Patient compliance: 

A classic problem during maintenance therapy is 
compliance and regular return of patients during recall 
visits. Many studies have reported a low rate of 
adherence and compliance of patients for periodontal 
maintenance therapy (PMT). Drastic changes related to 
a healthier lifestyle are difficult to maintain. Many 
patients do not consider it important to undergo long- 
lasting maintenance therapy due to various personal 
reasons. 


Wilson et al in 1984 studied about compliance of 
patients with maintenance therapy in a private dental 
practice. They reported that only 16% of patients were 
totally compliant, 32% of patients never returned and 
52% were erratic with compliance to periodontal 
maintenance. 


Different social, behavioural, cultural and 
economic factors are the determinants for pattern of 
compliance during maintenance therapy. Wilson in 1987 
reviewed compliance in medical literature and suggested 
that patients with chronic illness tend to comply poorly, 
especially if the disease is not perceived to be 
threatening. The reasons for non-compliance are highly 
variable from fear, economics and lack of compassion. 
They comply better when they are informed and 
positively reinforced and when barriers to treatment 
reduced. They reported that compliance could be 
improved two-fold by sending reminder cards to 
patients and scheduling patients far in advance. 


Compliance was improved in patients who had 
undergone complex treatment like significant 
periodontal surgery and/or dental implant therapy. 


Lang et al reported that pockets 25 mm had higher 
incidence of bleeding on probing. They concluded that 
teeth with questionable prognosis can often be retained 
for many years with maintenance and compliance. They 
also reported that absence of bleeding on probing 
during PMT is a good predictor for periodontal stability. 


Patient compliance should be encouraged by 
informing them importance of maintenance, notifying by 
a. or mail to schedule an appointment. 
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Wilson et al reported that the patients who 
were erratic in maintenance had higher chances of 
tooth loss. Mendoza et al reported that there was no 
difference in compliance between sex, age or disease 
severity. Most non-compliant patients were smokers 
and those who considered maintenance therapy to be 
too expensive and others thought they no longer 
required treatment. Schmidt et al reported that erratic 
compliers required more surgical treatment. 


Tomasi et al showed that patients regularly 
enrolled in a maintenance care program, teeth display a 
higher survival rate and lower radiographic bone loss. 


Miyamoto et al reported that the risk of molar 
tooth loss reduced with complete compliance. 
Similarly, complete compliers had >50% reduction in 
the risk of alveolar bone loss among non-molars. 


Lee et al reported that patients, who were old, 
treated surgically, and those with mild alveolar bone 
loss were more compliant to periodontal therapy. 


Checchi et al reported that erratic compliers of 
PMT had 5-6 times greater chance of tooth loss than 
regular compliers. Costa et al also reported higher 
rates of tooth loss among irregular compliers for PMT. 


Rosa et al have reported that smoking cessation 
promoted gain in clinical attachment. They also said 
that depressed patients tend to neglect oral hygiene as 
a result of reduced mood and interest. When tobacco 
cessation had to be implemented in such patients, it 
required more effort from the clinician to provide 
alternative, individually tailored oral hygiene programs 
and attain better compliance with periodontal 
maintenance through cognitive and motivational 
interviewing techniques. 


Gaunt et al reported in their systematic review 
that PMT provided by specialists resulted in better 
periodontal health status and higher tooth survival 
rates than general practitioners, but that was achieved 
at a higher cost. The analysis of cost-effectiveness is 
based on the data on which it is based and may be 
subjected to criticism. 


Wennstrom et al have reported that subgingival 
air polishing with glycine powder during PMT had no 
major adverse effects when the nozzle is directed 
towards the root surface with reduced flow pressure. 
They reported significant reduction in bleeding on 
probing and probing depth after 2-month follow-up 
examination. 
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Studies on personality traits reveal that patients 
exhibiting neuroticism were more inclined to have post- 
treatment problems and showed poor compliance to 
maintenance therapy. 


Many studies report that approximately 20-40% of 
individuals abandon maintenance therapy at the start of the 
program and are termed as non-compliers. There is a 
predominance of female gender among _ individuals in 
maintenance programs. This could be due to an increased 
demand for dental treatments by women as compared 
with men. 


Ojima et al performed survival analysis to evaluate 
the degree of compliance to PMT. Age was a significant 
factor that contributed to compliance. Drop-out rates per 
appointment decreased after 10 appointments which 
corresponded to 5 years and remained stable for up to || 
years. There was no significant difference between gender 
and compliance. Lack of time and distance to get the 
treatment were not significant factors for non-compliance. 


Ramseier et al in a study found that the smokers 
returned less likely for SPT than non-smokers or former 
smokers. Moreover, those who returned for SPT 
demonstrated that smokers among them presented with a 
lower percentage compliance compared with non-smokers 
or former smokers 


Systematic review suggests that patients with 
moderate or severe periodontal disease did not attend to 
periodontal maintenance. Patients with previous 
periodontal disease but under periodontal maintenance 
presented with periodontal and peri-implant complications 
similar to periodontally healthy patients. 


Does compliance with periodontal maintenance 
increase the risk of tooth loss? 


Miyamoto study revealed that increased compliance 
with maintenance was associated with increased tooth loss. 
Loesche et al were the first to report that more frequent 
periodontal maintenance may be associated with increased 
tooth loss risk. 


Non-causal association could be argued as: 


¢ Tooth loss may increase compliance, rather than 
compliance increasing tooth loss. Patients losing teeth may 
be more motivated to comply and would receive more 
reminders to comply. It is better to statistically analyze 
prior non-compliance than future non-compliance. Both of 
the aforementioned studies did not use time-dependent 
covariates, and reverse causality could not be ruled out. 
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° The Miyamoto finding that smokers are 
more compliant than non-smokers conflicts 
other reports. Most medical and _ periodontal 
studies have reported that smokers are _ less 
compliant than non-smokers. This could be 
attributed to cultural differences between Japanese 
smokers and US smokers with respect to 
compliance. The information on _ smoking is 
incomplete and unavoidable incomplete adjustment 
of smoking levels among compliant patients could 
be responsible for increased tooth loss. 


Causal association could be argued as, 


Compliance with health care recommendations is 
typically a surrogate marker for positive health 
awareness and compliance’ with _ ineffective 
treatments in medical studies and is associated with 
larger than 40% reduction in mortality. From this 
perspective, even if periodontal maintenance is 
ineffective, tooth loss rate is expected to reduce 
among more compliant patients due to positive 
health awareness. 


¢ Compliance with maintenance could be correlated 
with compliance to restorative treatment, which in turn 
may cause increased tooth loss. 


¢ Higher compliance with maintenance may be 
correlated with higher compliance to 
recommendations for extraction or extraction 
of teeth with questionable prognosis. 


¢ Causal relationship between scaling and tooth 
loss. Some microbiologists suggest that scaling 
causes bleeding and tissue trauma serves essential 
molecules for growth of gram-negative anaerobic 
species within the plaque. This overgrowth elicits 
an inflammatory response providing additional 
nutrients. This sets up and sustains a low-grade, 
non-invasive infection in the host tissue adjacent to 
the pocket. 


¢ Causal relationship between scaling and 
caries. Some cariologists are concerned about 
harm inflicted by a sharp dental explorer on 
enamel, and periodontal therapists accept root 
damage by sharp metal instruments. Recent 
evidence suggests that periodontal scaling replaces 
a periodontal flora with a cariogenic flora that 
increases the caries risk. Thus, periodontal 
maintenance should be taken seriously. 
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Though there are conflicting data in the recent ; 
literature, emerging evidence from well-controlled 
epidemiological studies on tooth loss and maintenance : 
suggest that, 


Frequently accepted time interval is 3 to 4 months 
between recall visits. 


Three months maintenance interval is 
commonly used i.e. the patient is recalled 
every three months for maintenance. It is 
based on the fact that bacterial repopulation 
of the subgingival environment takes three 
months after mechanical debridement. 


= Some level of compliance is substantially better 
than total non-compliance. 


" No significant benefit can be identified when good 
and erratic compliers are compared. The benefit 
is small, non-existent or opposite of expectations 
— harmful. 


e For patients with limited periodontal disease 
susceptibility once yearly maintenance could 
be appropriate. 


# Observational, clinical and controlled trial evidence 
demonstrates that maintenance procedures (Oral 
hygiene instructions, coronal debridement, and 
subgingival root planing and scaling with other 
adjunctive procedures) are effective in controlling 
gingival inflammation and decreasing periodontal 


To conclude this controversial topic, as suggested by 
Rosen et al, once-yearly as opposed to 3-6 monthly 
periodontal maintenance could be appropriate for 
individuals with limited disease susceptibility. 


Current concepts about periodontal 
maintenance/supportive periodontal therapy: 


Ideal maintenance frequency based on 
individual patient risk for periodontitis has not been 
established yet. Individual risk factors and disease 
severity are the primary determinants for establishing 
the time interval between recalls. 


PMT plays a crucial role in maintaining the 
stability of periodontal status and homeostasis of 
periodontal tissues after active periodontal therapy 


The progression of periodontitis has been 
defined by clinical parameters (PD and CAL) and by 
measurements of bone loss detected through 
radiographs (American Academy of Periodontology 
2005, Costa et al. 2007). 


Beck (1994), in a study on methods for 
assessing risk in periodontology, defined that the 
progression of periodontitis should be established for 
individuals who experience changes in CAL 23mm 
over an |8-month period. This criterion has also 
been postulated for epidemiology of periodontal 
diseases by the American Academy _- of 
Periodontology in 2005. 


The American Academy of Periodontology 
proposed that the frequency of recalls, for individuals 
with a previous history of periodontitis, may be 
based on particular necessities. Evaluating these 
individuals four times per year is appropriate, but this 
schedule is very difficult to establish in clinical 
practice. 
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probing depths. 


Supportive periodontal therapy delivered in specialist 
care as compared with general practice will result in 
greater stability of clinical attachment. 


The assumption by clinicians that frequent periodontal 
maintenance is the key to success is questionable. 
Personal oral hygiene is essential to dental health, 
professional treatment and frequent maintenance is 
not universally necessary. 


If signs of persistent disease activity are noted in recall 
visits like persistent gingival or peri-implant 
inflammation, bleeding on probing, implant mobility or 
increasing probing depths, steps should be taken to 
manage these issues and maintain health. 


e Local debridement with high-quality scaling 
and root planing (combination of ultrasonics 
and hand curettes) to remove plaque and 
calculus. 


e Local drug delivery, host modulation therapy, 
subgingival irrigation or mouth rinses can help 
to control signs of persistent disease. 


** Clinical use of local drug delivery is a 
matter of therapeutic judgement and 
patient susceptibility, as it had a 
Statistically significant but clinically 
small reduction in probing depth or 
gain in clinical attachment. 
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“* It can be helpful for patients with 
tooth sensitivity to increase the 
duration between painful subgingival 
instrumentation in PMT. 

e Chlorhexidine irrigation showed no adjunctive 
beneficial effects on bleeding and _ probing 
depth measurements and was not considered 
a useful adjunctive procedure 
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If any active treatment is performed during 
maintenance, subsequent re-evaluation should be 
scheduled at 4 — 6-week interval to evaluate and 
determine whether further treatment is needed. 
This is based on Proye et al and Morrison et al, 
who reported that periodontal healing requires at 
least 4 weeks for reduction in pocket depth and 
gain in clinical attachment to occur. A similar 
interval of 4-6 weeks is also suggested for peri- 
implant wound healing. 


Cumulative Interceptive Supportive Therapy 
(CIST) suggested by Lang et al includes: 


# Protocol A — control inflammation in peri- 
implant mucositis/ implants with minimal 
increase in pocket depth, slight (+) bleeding 
on probing, marginal erythema, plaque and/or 
calculus. — Cautious mechanical debridement 
with plastic curettes and rubber cup 
prophylaxis, twice-daily swabbing with 0.12% 
chlorhexidine, with review’ of patient 
motivation and home care. 


# Protocol B — peri-implant mucositis with 
deeper pocket depths ( 4-5mm) but without 
any loss of supporting bone — Protocol A 
plus locally delivered antibiotics (Doxycycline 
gel or Minocycline microspheres) at the 
infected implant site 


=» Protocol C — early peri-implantitis with 
pocket depth >5mm and bone loss of <2mm 
— Protocol A & B with systemic antibiotic 
therapy (Amoxicillin 500mg TID for 10 days 
or Metronidazole 250mg TID for 7 days) and 
periodontal surgical access for surface 
decontamination (Citric acid | — 2 minutes 
or tetracycline 250mg, 5ml for 5 minutes). 


#» Protocol D — Frank peri-implantitis with 
probing depth >5mm, + bleeding on probing, 
plaque/calculus and peri-implant bone loss of 
>2mm — periodontal surgical intervention for 
chemical disinfection, osseous resection, and 
guided bone regeneration. 


Lifelong periodontal maintenance can be beneficial 
in reducing the systemic inflammatory load and 
minimize the effects of systemic diseases like 
cardio-vascular disease, stroke, chronic obstructive 
pulmonary disease, preterm low-birth weight and 
type Il diabetes mellitus. 
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¢ If there is a history of tobacco smoking/ usage, a 
clinician-administered interview and estimation of 
biochemical markers like salivary cotinine and 
expired-air carbon monoxide, will give an excellent 
profile of tobacco usage in periodontal maintenance 
population. This will help to confirm current smokers 
and non-smokers in comparison with self-report 
about smoking habits. 


¢ Lang & Tonetti has proposed the periodontal risk 
assessment (PRA) model. It could be used to 
individualize risk and customize recall visits. It will be 
useful to optimize periodontal care, reduce treatment 
costs, avoid treatment overestimation and minimize 
recurrence of periodontal disease and tooth loss. 


The risk factors (Each factor has a minor, moderate 
and high-risk profiles) include, 


= Percentage of sites with bleeding on probing 
e <10% of surfaces — low risk. 
e 725% - high 
breakdown. 


risk for periodontal 


= Prevalence of residual pockets greater than 4mm 
e Upto 4 residual pockets are at low risk. 


e With more than 8 residual pockets are at 
high risk for recurrent disease. 


= Loss of teeth from a total of 28 teeth 
e Upto 4 teeth lost are at low risk. 
e More than 8 teeth lost are at high risk. 


= Loss of periodontal support in relation to the 
patient’s age (Bone loss divided by age = factor) 


e Upto 0.25 — low risk. 
e 0.5 — moderate risk. 
e 1.0 —high risk. 
» Systemic and genetic conditions 


e If known, it is considered as a risk 
indicator for recurrent disease. 


e If not known or absent, it is not taken 
into account for risk assessment. 


# Environmental factors like cigarette smoking. 


e Non-smokers and former smokers 
(more than 5 years since cessation) have 
low risk. 


e Occasional smokers (< 10 cigarettes per 
day) and moderate smokers (l0-19 
cigarettes per day) are at moderate risk. 

e Heavy smokers (smoking more than one 


pack per day) are at high risk. fn 
iy 
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Calculating the patient’s individual periodontal risk assessment (PRA) 


Section - IX 


Low PRA patient has all parameters in the low-risk category or one parameter in the moderate risk 
category. (BOP is 15%, 4 pockets >5mm, 2 missing teeth, Bone factor is 0.25, No systemic factors, Non- 


smoker) 


Moderate PRA patient has at least two parameters in the moderate category or one parameter in the high- 


risk category. 


High PRA patient has at least two parameters in the high-risk category. (BOP is 32%, 10 pockets >5mm, 10 


missing teeth, Bone factor is 1.25, No Systemic factors, Occasional smokers) 


In a review of supportive periodontal therapy, Renvert and Persson recommended that SPT should be based on 
assessment of the patient risk profile for further periodontal disease progression performed after the initial 
therapy. The procedure should not be a standardized routine but rather should be individualized. 


Tab 59-3: Merin Classification 


First year First-year patient — routine therapy and uneventful healing 
Or 
First-year patient — difficult case with complicated prosthesis, 
furcation involvement, poor crown-root ratios, questionable patient 
cooperation. 
Excellent results well maintained for 1 year or more. 
Patient displays good oral hygiene, minimal calculus, no occlusal 
problems, no complicated prosthesis, no remaining pockets & no 
teeth with less than 50% remaining alveolar bone. 
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Class C Generally poor results following periodontal therapy &/or 
several negative factors from the list: 

Inconsistent or poor oral hygiene 
Heavy calculus formation 
Systemic disease that predisposes to periodontal 
breakdown 
Remaining pockets 
Occlusal problems 
Complicated prosthesis 
Recurrent dental caries 
Periodontal surgery indicated but not preformed for 
medical, psychological, or financial reasons 
Many teeth with less than 50% remaining bone support 
Condition too far advanced to be improved by 
periodontal surgery. 
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3 months 


1 or 2 months 


6 months to 1 
yr. 


1 to 3 months 


(decide on 
recall interval 
on the basis of 
the number & 
severity of 
negative 
factors; 
consider 
retreating 
some areas or 
extracting the 
severely 
involved teeth) 
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Classification of post-treatment patients: 


» The first year after periodontal therapy is 
important in terms of introducing the patient in a 
recall pattern and_ reinforcing oral hygiene 
techniques. 


= The recall interval for first-year patient should not 
be longer than 3 months. 


» Patients can improve or relapse to a different 
classification with a reduction in or exacerbation of 
periodontal disease. 


=» When one dental arch is more involved than the 
other, the patient’s periodontal disease is classified 
by the arch that is in worse condition. 


= Merin's classification is described in Table 59-3 


Complications of supportive therapy: 


Tooth sensitivity: 


A periodontal patient on regular maintenance is 
likely to spend 4 hours or more per year receiving PMT. 
Over the long term, such PMT can produce some 
adverse events. Frequent and excessive scaling with root 
planing can remove tooth structure leading to tooth 
sensitivity. It can also create an “hour glass” appearance 
at the root-crown interface. 


Such patients may find additional periodontal 
instrumentation to be painful. This can affect long-term 
compliance and increase the time involved in each 
maintenance visit. 


Residual disease: 


It is characterized by the presence of one or 
more teeth excluding third molars with at least one 
6mm pocket that bleed on probing, even after routine 
periodontal maintenance regimen. Campbell et al have 
reported that 29% of patients under maintenance by 
postgraduates and 59% of patients under maintenance 
by dental hygienists had residual disease. This variation 
could be due to variations in disease severity and 
maintenance schedule between the postgraduate and 
hygienist programs. 

Periodontal abscess: 


Periodontal abscess can also occur in patients 
under supportive periodontal therapy. Factors include 
anatomic features, genetic vulnerability, microbial 
factors, behavioural factors like smoking and a low 
frequency of maintenance visits. 
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lt was reported as the main cause of 
extraction of teeth with a questionable prognosis in 
patients monitored over a 40-year period. Early 
diagnosis and appropriate intervention are extremely 
important to avoid tooth loss. 


Differences in probing depths recording 
during the initial exam as well as in treatment 
planning influenced the occurrence of periodontal 
abscesses. Non-surgical patients with probing depth 
>5mm exhibited a higher occurrence of periodontal 
abscess. McLeod et al reported that abscess occurred 
most frequently in molars. Abscesses that occur in 
teeth with advanced mobility that did not respond to 
mechanical treatment resulted in tooth loss during 
maintenance therapy. 


Root caries: 


Attachment loss and treatment of gingival 
recession favors development of root caries. Thus, 
initially successful periodontal procedures can get 
compromised on long-term due to root caries and 
periodontal complications. 


Patients who undergo resective surgery/ 

surgery should be assessed for all 
endodontic, prosthetic and periodontal prognostic 
factors before implementing such treatment. Such 
patients should be ensured that they remain free of 
root caries and retain function. 


OSSCOUS 


Bignozzi et al suggested that periodontal 
patients with root exposure should follow a strict 
protocol 


preventive measures such as noncariogenic diet and 


root caries prevention with general 
fluoride application together with plaque control, 
must be regarded as mandatory components of any 


periodontal maintenance program. 
Tooth loss: 


Tooth loss has been referred to as the most 
reliable endpoint characteristic in dental longitudinal 
studies. But there are controversial results that 
period of supportive therapy and frequency of annual 
recall increased 
periodontal tooth loss. 


visits were not associated with 
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Other studies report that some level of 
compliance is substantially better with respect to tooth 
loss than total non-compliance. But there was no 
significant benefit between good and erratic compliers. 
The benefit of compliance with more frequent recalls 
when compared to less-frequent recalls was small and 
non-existent. This lack of consensus could be the study 
design reviewing regular maintenance regimens. 


Initial bone loss, tooth type (single-rooted, multi- 
rooted with or without furcation involvement) and 
abutment status have an impact on future tooth loss. 
Maintenance of a tooth over IO years is economically 
cheaper than replacing it. 


Tooth loss with moderate to severe periodontal 
disease could be minimized during periodontal 
maintenance, if the clinician can re-establish periodontal 
health to less than 20% full-mouth plaque scores and 
without any periodontal site showing bleeding on probing 
or probing depth >3mm _ after active periodontal 
treatment. 


The causes for tooth loss was periodontal disease 
followed by root fractures. It was reported to be higher 
among individuals over 55 years of age. Maxillary teeth 
were lost more than lower teeth. Most common teeth to 
be lost include maxillary molars, maxillary premolars and 
mandibular molars. Smoking and diabetes were significant 
risk factors for tooth loss. 


A review in 2010 by Chambrone et al on the 
predictors of tooth loss during long-term periodontal 
maintenance demonstrates weak evidence to support 
benefit of periodontal maintenance therapy in prevention 
of tooth loss. 


Peri-implant complications: 


During maintenance therapy, gingivitis, gingival 
hyperplasia, fistula, implant fracture, failing implants and 
failed implant. 


Complete seating of associated parts (abutment/ 
restoration), occlusal overloading, absence of overhangs 
and removal of restorative cements should be verified 
radiographically around the implants to avoid long-term 
complications. 


Quirynen et al reported almost 3 times higher 
implant loss among patients who were not provided with 
maintenance therapy. Non-attendance to maintenance 
therapy and smoking was a negative factor for implant 
outcome. However, in patients with a history of treated 
periodontitis who received periodontal maintenance, the 
rates of implant failure seems to be low. 


(4) 
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Ross-Jansaker et al reported that 16% of 
implant cases without a regular post-treatment 
maintenance demonstrated peri-implantitis by 7 — 9 
years after implant placement. This may _ be 
underestimated as few studies exist with follow-up 
longer than |0 years. 


A bone loss near to the level of first thread 
could be expected in the first year after implant 
placement. Additional bone loss of approximately 
O.lmm per year for the first 5 years (upto a total of 
|.5mm) is considered normal. 


The recommendation for patients with dental 
implants required regular and careful evaluation at 
regular intervals to detect any clinical signs and 
symptoms of peri-implant disease. 


Zangrando et al in a review concluded that 
implant therapy can be successfully used in patients 
with periodontitis, as long as the periodontitis is 
properly treated and patient adheres to periodontal 
maintenance program. 


Aguirre-Zorzano et al studied the status of 
implants in periodontally compromised patients who 
regularly receive supportive periodontal therapy in a 
total of 786 implants which were placed in 239 
patients. They found the prevalence of peri-implant 
inflammatory disease in periodontal patients who 
regularly undergo SPT is clinically significant. 


Conclusion: 


Compliance and importance of periodontal 
maintenance should be emphasized to all patients 
during treatment and each follow-up phase. 


Patients with periodontal disease could be 
successfully treated and remain disease-free provided 
that they adhere strictly to periodontal maintenance 
program. 


Implant therapy can_ be © successfully 
implemented on patients with chronic periodontal 
disease, if they comply with maintenance therapy. 
Presence of residual pockets, smoking habits and 
non-attendance to maintenance therapy = are 
considered as negative factors for implant outcome. 
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Chapter Outline: 


¢ Introduction. : 
¢ Cardiovascular Disease. m 
¢ Hypertension. 

¢ Infective Endocarditis. 

¢ Ischemic heart disease with angina. 
¢ Myocardial infarction. 

¢ Congestive Cardiac Failure 


women. 
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Health care facilities have improved, and the number of 
patients diagnosed with systemic disease has become 
greater than before. An understanding of the patient’s 
disease is essential when planning for dental treatment of 
these medically compromised patients. 


The presence of systemic disease in patients requiring 
periodontal therapy creates challenges for management. 
lt has become important to understand the nature of 
the patient’s disease, how it impacts their functioning 
and their reaction to periodontal treatment and post- 
treatment healing. Hence, a comprehensive medical 
history is mandatory nowadays. 


Alteration of treatment plans, with emphasis on physician 
consultation and preventive periodontal care, is frequently 
needed to minimize the impact of periodontal disease on 
the systemic condition. Conversely, detection and 
treatment of systemic disorders may impact upon the 
status of the periodontium and the success of periodontal 
therapy. 


The goal of holistic patient management is facilitated by a 
free flow of information between the patients and their 
medical and dental health care providers. 
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ENDOCRANIAL DISORDERS 
Diabetes mellitus 
Oo Pregnancy and breastfeeding 


Diseases of adrenal glands 
Addisons disease. 

Acute adrenal insufficiency. 
Hyper-adrenocorticism 
Diseases of thyroid glands. 
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Renal diseases 

Liver diseases. 

Head and Neck Cancer Patients. 

Bleeding Disorders. 

Patients with Infectious Disease like Tuberculosis 
Respiratory diseases. 

Dental Procedures That Cause Bacteremia 
Review questions. 

Principal references and suggested further reading 


Recently, a new subject called periodontal medicine has 
been initiated and recognized. It aims to care for the 
systemic diseases, which are suspected to be brought about 
partly by periodontal disease, through the periodontal 
therapies. It is recognized that such treatments may benefit 
the periodontal disease as well as some major systemic 
diseases. 


Assessment of Medically compromised individuals 
can be categorized into: 


@ Category I: Healthy patient 


@ Category Il: Medical conditions requiring schedule 
changes 


@ Category Ill: Medical conditions 
modifications in dental treatment 


requiring 


@ Category IV: Medical conditions requiring major 
modifications in dental treatment 


@ Category V: Serious medical conditions 


Periodontal patients include any patient with: 


@ Periodontal abscess and other acute periodontal 
conditions 


vy 
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@ Severe chronic periodontitis The blood pressure (BP) ranges from 


@ Vertical/angular bony defect(s) @ [20-139 systolic and 80-89 diastolic in the normal 


¢ Aggressive periodontitis (formerly known as juvenile, range. 


early-onset, or rapidly progressive periodontitis) @ 140-149 systolic and 90-99 diastolic in stage | 


Furcation involvement hypertension 


Bs 


+ 160 systolic and =100 diastolic in stage 2 


@ Peri-implant disease 
hypertension. 


Significant root surface exposure and/or progressive 


gingival recession Side effects of antihypertensive drugs include 


The various medically compromised diseases include ¢ Nausea 


¢ Cardiovascular diseases like Hypertension, Infective ¢ Depression 


endocarditis, Ischemic heart disease with angina, 
Myocardial infarction 


@ Xerostomia 
@ Lichenoid drug reactions 


Cardiovascular Disease ¢ Gingival overgrowth 


Periodontal treatment could eliminate the infectious Periodontal management: 


sources, control the acceleration and_ inflammatory 
response of periodontitis. High blood pressure was found 
to be lowered, and serum inflammatory markers such as 
IL-6 and CRP were _ significantly reduced after 
periodontal treatment as per the recent studies. 


¢ Dental treatment safe in hypertensive patients, as 


long as stress is reduced. 
@ Local anesthesia administration should be controlled 
@ Smallest dose of epinephrine used 


LA without epinephrine used, if procedure is short(less 


Periodontitis and Cardiovascular Disease (CVD) may have 
than 30 minutes) 


similar risk factors, which include hypertension, smoking, 


diabetes mellitus and obesity. @ Aspiration before injection of LA is critical. 


Appointments scheduled for noon as BP reduces at 
noon. 


infective Endocarditis(lE): 


Periodontitis has been found to contribute to systemic 
inflammatory burden including the elevation of C-reactive 
protein (CRP) in the general population. 


Whether the periodontal treatment could suppress CVD 
by controlling periodontitis directly or by changing the 
modifiable risk factors is still unknown. 


It is caused by ~ a-hemolytic — streptococci. 
Periodontal organisms like Eikenella corrodens, A. 
actinomycetemcomitans, Capnocytophaga, and _ Lactobacilli, 


Hypertension: have also been implicated 


¢ Primary Hypertension in which there is no The guidelines proposed by American Heart Association 
underlying pathology. includes a thorough medical history covering the 


¢ Secondary Hypertension: underlying etiology is following details, 


present and often can be treated. (Eg. renal disease, @ Previous IE 
endocrinologic changes, and neurogenic disorders) ¢ If patient has a Prosthetic cardiac valve 
In early hypertension, the patient may be asymptomatic. ¢ Cyanotic Congestive Heart Disease(CHD) which has 


If not identified, diagnosed, and treated, hypertension 
may persist and increase in severity, leading eventually 
to coronary artery disease, angina, myocardial infarction, 
congestive heart failure, cerebrovascular accident or a 
kidney failure. 
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been unrepaired 


@ Palliative shunts on a CHD 


CHD that has been repaired and replaced with 
prosthetic device or material which _ inhibits 
endothelisation or with residual defects at that site 
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@ History of infective endocarditis or cardiac transplant 
that secondarily developed a heart valve problem 


@ First 6 months after the procedure of repaired 
congenital heart defects with prosthetic devices 


@ Any repaired heart defect with 


residual defect. 


congenital 


Periodontal Management: 


@ Transient bacteremia may be caused in the absence 
of any dental procedure. Hence, a very good oral 
hygiene must be maintained at all times. Daily activities 
such as oral home care and eating cause 1000 times 
more bacteremia than from dental treatment. 


@ Antibiotic cover mandatory for procedures that 
induce bleeding such as periodontal surgery, scaling, 
and polishing. 


@ Infection associated with periodontal disease must 
be eliminated. 


@ Extraction of teeth with severe periodontitis and 
teeth with a poor prognosis 


@ Prophylactic antibiotic treatment for all periodontal 
treatment procedures (including probing) 


@ Pretreatment chlorhexidine mouthwashes. 


@ Each appointment must accommodate multiple 
procedures 


@ Post-operative antibiotics 
@ Procedures where prophylaxis is not mandatory 


include 

<> Routine anesthetic injections into noninfected 
tissues 

<> Taking dental radiographs 


<> Adjustments and lacement of removable 
J P 
prosthodontic or orthodontic appliances 


Ischemic heart disease with angina: 


Angina pectoris occurs when oxygen demand of the 
myocardial muscle increases, resulting in 
temporary myocardial ischemia. 


Unstable angina pectoris (asymmetrical angina or 
angina without predisposing factors). It is an emergency 
treatment in consultation with their physician 
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Stable angina pectoris occurs uncommonly and is 
associated with exertion or stress. It is easily controlled 
with medication & rest, and these patients can undergo 
elective dental procedures. 


Periodontal management: 


@ The updated stock of emergency medicine should be 
maintained by the periodontist in his clinic. 


@ Patients who need to undergo long periodontal 
surgical procedures must not be prescribed 
anticholinergic drugs which are commonly ted 
reduce salivary flow because, in a coincidental 
pulmonary edema patient, there may be an increased 
risk of pneumonia. 


@ Nitroglycerin tablets should be carried by a patient 
who had suffered mild or moderate angina. It could 
be used immediately, in case of an attack during 
periodontal treatment. 


@ Short, morning appointments are ideal for such 
patients. 


@ 2-5mg diazepam a night before and/or I|hour 
before appointment to reduce stress & anxiety 

@ Semi-reclining chair position 

@ Profound local anesthesia 


@ In case of emergency if the patient becomes fatigued 
or uncomfortable or has a sudden change in heart 
rhythm during a procedure; 
<> Discontinue procedure 
<> Sublingual administration of | tablet (0.3 to 0.6 
mg)ot nitroglycerin 
<> Reassurance of the patient and loosen 
restrictive garments. 


<> With the patient in a reclined position, administer 
oxygen. 

e Delivery of oxygen at 3L/min via nasal cannula, 
in case of oxygen deprivation in a patient 
with severe ischemic disease and angina 
on precautionary basis. 


e Termination of the procedure at the 
earliest convenient time. 


e Administer fresh dose of nitroglycerin if 
the signs & symptoms of angina do not 
resolve with this treatment within 2 to 3 


minutes. 
Cy 
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<> Another dose of nitroglycerin administered 3 
minutes after 2nd tablet. 


<> If the chest pain not relieved by the 3rd tablet of 
nitroglycerin, it indicates myocardial infarction. 


<> Patient’s physician to be contacted and the patient 
to be rushed to nearest emergency 
department immediately. 


Myocardial infarction (Ml): 


Commonly known as a heart attack, results from the 
interruption of blood supply to a part of the heart, causing 
heart cells to die. 


Periodontal Management: 


@ MI with heart failure is a deadly combination. Hence, 
only emergency treatment should be provided for 
such patients, unless the physician gives the consent 
of normal health. 


Cardiac arrest as a result of MI can occuron a dental 
chair. 


@ Consultation with the patient’s physician prior to 
treatment and the current cardiac status should be 
sought. 


@ Short morning appointments are the best. 


@ The procedureshould be discontinued with the onset 
of chest pain and shortness of breath. 


@ Immediate medical consultation or hospitalization. 


@ Any periodontal treatment to be pursued only after 
at least 6 months of the cardiac event. 


@ Prothrombin time prior to periodontal surgery is 
advisable. 


@ Electro-cauterization and usage of electromagnetic 
scaling devices should be avoided in patients having 
metal pacemakers 


Congestive Cardiac Failure: 


The condition is often overlapped by thyrotoxicosis, 
hypertension, MI, renal failure and chronic pulmonary 
disease(COPD). The periodontist treating the patient 
with congestive heart failure should be prepared for 
potential complications. 


Digitalis has been used for many years to improve 
contraction of cardiac muscle and augment cardiac output 
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in patients with heart failure. Other drugs used in treatment 
of CHD include the diuretics, vasodilators, angiotensin 
converting enzyme inhibitors and calcium channel blocking 
agents. Each of these drugs has probable side effects and 
must be monitored in periodontal practice 


A common toxicity symptom of digitalis includes nausea, 
vomiting, yellow-green vision, anorexia, diarrhea, fatigue, 
headache, dizziness, delirium; but the most dangerous 
manifestation is altered cardiac rhythm. 


Periodontal Management 
@ Inthe patient with multiple co-morbid conditions, only 
emergency dental procedures should be provided. 


@ For the patients who are seemingly stable and 
without significant complications, routine prophylaxis 
can be performed. 


@ Prior to treatment, prothrombin time should be 
obtained. 


@ Antibiotics should be — prescribed 
treatment to prevent infection. 


following any 


@¢ The amount of epinephrine delivered could be a 
significant confounder for the disease. 


@ The patient should be placed in an upright position 
during treatment, to avoid the risk of additional 
pulmonary fluid collection. 


@ The periodontist should be alert for evidence of 
digitalis or other drug toxicity in the patient receiving 
any of these drugs. 


Heart and other organ transplantation: 


Such transplant recipients are maintained under 
immune-suppressive drugs such as _ cyclosporine, 
corticosteroids, anti-lymphocyte — globulin (ALG), 


Azathioprine, or combination for life to eliminate host 
rejection. 


Periodontal Management 


@ Protocols have not yet been recognized for 
periodontal or dental management of patients with 
organ transplants. 


@ Dentists should also be taking measures to avoid 
cross-contamination in the dental office. In this phase, 
the dental treatment in the dental office is, basically, 
palliative and preventive treatment for six months 
after transplantation 
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Blood tests including INR, PT, APTT and CBC should 
be carried out. 


Periodontal treatment should be spaced out by 
incorporating many sessions. 


During each of these sessions, a small number of 
teeth should be scaled. 


invasive dental 
placement and 


Attention should be drawn to 
treatments, such as_ implant 
extraction. 


Active and potential sources of periodontal and 
dental infection should be eliminated, and necessary 
treatment should be performed before transplant. 


Antibiotics should be prescribed before and after an 
emergency heart transplant in patients having pre- 
existing and recognized dental infection. 


Transplant patients undergoing dental treatments 
that may have the propensity to undergo bacteremia. 
Antibiotic prophylaxis and appropriate medical 
consultation is recommended. This bacteremia may 
be reduced if the mouth is rinsed with an antiseptic 
mouthwash like chlorhexidine, one minute before 
treatment. 


The local anesthesia that is used for a patient that has 
had kidney transplantation is the same that is used 
for all patients (lidocaine, mepivacaine). 


All measures to prevent hemorrhage should be 
taken (suturing, use of oxidized cellulose, etc.), and 
it is essential to consult with the nephrologist, who 
will decide whether chemoprophylaxis should be 
administered 


In order to avoid an Addisonian crisis, makes sure that 
the sessions are short in duration and are scheduled 
in the morning, in a relaxed atmosphere. 


@¢ The use of surgical aspiration can_ significantly 


minimize the bacterial aerosol. 


Unusual systemic fungal infections such as 
cryptococcus and mucormycosis may be encountered 
in these patients. Hence, the periodontists and dental 
care workers should remain alert for signs and 
symptoms of these infections so that antimicrobial 
therapy can be instituted promptly. 
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Patients under cyclosporine therapy may undergo 
gingival enlargement or hyperplasia which may 
mandate a gingival surgery 


Pre-transplant subjects should have their dental sepsis 
eliminated, and extracting the teeth with periapical 
foci of infection and severe periodontitis. 


Gingival enlargement may arise as a complication 
of post-transplant patients taking cyclosporine, 


and they should be informed about this possibility. 
Gingivectomy needs to be done following hyperplasia 
of the gingiva 





Fig 60.1 Scrapable white plaques in 
pseudomembranous candidiasis 


ENDOCRINAL DISORDERS 


Diabetes mellitus: 


Diabetes mellitus isa metabolic disease showing disturbance 
in the carbohydrate, protein, and lipid metabolism. The 
key features of this disorder is elevated blood glucose 
levels (hyperglycemia); that may result from either a 
deficiency in insulin secretion from the pancreas, an 
alteration in insulin action, or both. 


Features include: 
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Polyuria (excessive urination) 
Polyphagia (excessive hunger) 
Polydipsia (excessive thirst) 
Unexplained weight loss 
Changes in vision 

Weakness, malaise 

Irritability 


Nausea 
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@ Dry mouth 
@ Ketoacidosis [nzaacar] 


Continued hyperglycemia has been shown to affect almost 
all tissues in the body and is associated with significant 
complications of multiple organ systems, including the eyes, 
nerves, kidneys, and blood vessels. 


Emergency in diabetes: 
@ Hypoglycemic coma 
@ Hyperglycemic coma 

Signs and Symptoms of Hypoglycemia 
@ Shakiness or tremors 

Confusion 

Agitation and anxiety 

Sweating 

Tachycardia 


Dizziness 
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Unconsciousness 
@ Seizure 
Oral signs of uncontrolled diabetes mellitus. 


Glycosylated hemoglobin assays (HbA!c) provides an accurate 
measure of the average blood glucose concentrations over 
the preceding 2 to 3 months. 


Periodontal disease is mentioned as the “sixth complication 
of diabetes mellitus” and it is the most common oral 
complication of diabetes. 


Periodontal flora was similar in people with diabetes and 
in those without diabetes suggesting host response rather 
than microorganisms was the factor which differed between 
the individuals. 


Increased salivary glucose encouraged plaque formation. 
Increased glucose in gingivalcrevicular fluid may diminish 
the ability of periodontal fibroblasts to contribute to 
periodontal healing. 


Diabetic patient with a history of smoking, poor oral 
hygiene, irregular dental visits, and a high carbohydrate 
intake is more likely to experience oral diseases such as 
caries and periodontitis and to react poorly to dental 
treatment than a diabetic patient without these factors. 
In undiagnosed patient, intraoral signs of undiagnosed or 
poorly controlled diabetes include 
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Delayed wound healing 

Gingivitis and periodontal disease 

Xerostomia 

Pulpitis in non-carious teeth 

Intra-oral abscesses 

Loss of teeth 

Burning sensation and burning mouth syndrome. 
Alveolar bone resorption 

Acetone smell in breath 

Salivary gland dysfunction and xerostomia. 
Unable to wear dental prostheses 

Bacterial, viral and fungal (oral candidiasis) infections 
Taste impairment 


Lichen planus 


Periodontal Management 


Analysis of a diabetic patient 


<> An initial assessment of the risk of oral disease 
progression, 


<> HbAlIc, and Blood sugar estimation to assess the 
glycemic control 


<> Explicit oral hygiene instruction, 
<> Dietary assessment and instructions 
<> Frequent dental examinations and prophylaxis 


Comprehensive care must be provided to patients 
with diabetes. 


Diabetic patient is given dental appointment based on 
his medication and morning dental treatment would 
be ideal. 


@ Diabetic patients should be encouraged to bring 


their glucometer with them to the dental office. 
Before dental treatment begins, the patient may 
check his or her blood glucose, and if found lower a 
small amount of pretreatment carbohydrate would 
prevent hypoglycemia during the dental treatment. 
Glucose levels could also be checked during the 
dental treatment. 


Morning meal needs to be consumed prior to any 
periodontal procedure. 
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@ Stress reduction and adequate pain control are 


important in treating diabetic patients. Small amounts 
of epinephrine in local anesthetics at 1I/100,000 
concentration have no major effect on blood 
glucose. 


Extremely anxious patients should undergo conscious 
sedation. Patient's physician should be consulted 
prior to therapy. The dose of insulin or oral agents 
would have to be altered before conscious sedation 
for dental treatment. 


A current proposal in medical therapy is the use of 
aspirin (75-325 mg/day) in all adult patients with 
diabetes and macrovascular disease. 


@ Renal disease patients with diabetes are asked to 
avoid use of nephrotoxic drugs in dental 
management (for example, acetaminophen in high 
doses, aspirin, acyclovir, non-steroidal  anti- 
inflammatory drugs). 


Tetracycline, namely low dose doxycycline are 
prescribed in periodontal therapy, principally as 
inhibitors of the connective tissue—degrading 
enzymes, the human matrix metalloproteinases, 
majorly eliminating the risk of bacterial resistance. 


Antibiotics should be prescribed following surgery in 
the moderately-controlled diabetic patients and after 
surgery the patient’s food intake should include the 
proper caloric content and protein/ carbohydrate/fat 
ratio to maintain glucose balance. 


Therapeutic doses of vitamin C and removal of local 
irritants can prevent tooth mobility occurring in 
diabetic individuals. 


Onlyacute dental infection in the uncontrolled 
diabetic patient should be treated on an emergency 
basis. 


Epinephrine should not be present in delivered 
anesthetic. 


Prescription of antibiotics following treatment and its 
careful monitoring are required. 


More complicated dental procedures need to be 
performed in consultation with a physician because 
accurate insulin management and post-treatment care 
with respect to infection and electrolyte balance may 
be needed. 
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Emergency management: 


@ Dental Therapy should be immediately terminated if 
there is an emergency. 
<> In conscious patient 


e Provide approximately Sg of oral 
carbohydrate: 


e 120 to 180 ml of juice. 

e 3 or 4 teaspoons of table sugar. 

e Hard candy with 15g of sugar. 
<> In unconscious patient 


e 25to30ml of50% dextrose (D50) intravenous 
(IV) 


e | mgof glucagon intravenously, intramuscularly 
or subcutaneously (if no IV access) 
@ Hyperglycemic emergencies are less’ than 
hypoglycemia. It is less likely to be encountered in 
the dental office. 


@ In the dental office, emergencies are managed by 
activating the emergency medical system. The steps 
include opening the airway, administering oxygen, 
evaluating and supporting circulation, monitoring 
vital signs. The patient should then be rushed to a 
hospital. 

Pregnancy and breastfeeding women: 


The first trimester of pregnancy shows the presence of 
pregnancy gingivitis due to increased levels of progesterone 
and estrogen, resulting in an exaggerated inflammatory 
reaction to local irritants. The interproximal papillae 
become tender to palpation and red and edematous,and 
they bleed easily if subjected to minor trauma. 


Pregnancy tumor or pyogenic granuloma may also occur in 
some patients. 


Periodontal Management 


¢ 2nd trimester is the safest period for routine dental 
care like scaling and prophylaxis. 


@ Supine position to be avoided as it can cause 
heaviness on inferior vena cava by the fetus leading to 
hypotension and poor venous return thus aggravating 
the condition 


@ Analgesics, antibiotics, and anti-inflammatory drugs 
are to be monitored in pregnant patients 
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Diseases of adrenal glands: 


Periodontal Managementof Addison’s disease: 
@ Treatment should be done in the morning 
@ Control of anxiety. 


@ Facility to administer additional corticosteroids in a 
patient if needed. 


Periodontal Management of Acute’ adrenal 


insufficiency (adrenal crisis): 


An adrenal crisis could develop if the patient with adrenal 
insufficiency cannot produce sufficient adrenocorticoids 
(particularly glucocorticoids). This may manifest as a 
progressive hypotension some hours after the stress. 


Adrenal crisis is avoided by increasing the normal dose of 
the patient’s steroid a day before and on the day of the 
treatment to replicate the normal increase in glucocorticoid 
discharge that occurs in response to stress. 


@ Dental extractions, root planing and extended 
restorative treatment that may be at risk for adrenal 
crisis requiring supplementation. 


@ The patient may initially feel fainting, and then become 
confused and may collapse. 


@ Consultation with their steroid 


supplementation is indicated. 


physician and 


@ Stressful dental treatment to be performed in the 
morning to avoid the stress. 


@ Patient remains in the presence of an accountable 
adult who would be aware of the symptoms and 
who could contact the patient’s medical 
practitioner in times of emergency. 


@ Manifestations of the afternoon treatment are 
observed at night when patient is asleep, and it may 
even cause his death. 


@ If the patient undergoes stress: 
<> Give oxygen. 
<> Terminate periodontal treatment. 
<> Monitor vital signs. 
<> Summon medical assistance. 


<> Place the patient in a supine position. 
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<~ Administer 100 mg of hydrocortisone sodium 
succinate IV over 30 seconds or IM 


Periodontal management of Hyper-adrenocorticism: 


@ The aim is to prevent pathological fractures and 
infections 


@ Evaluate the necessity and manage administration of 
corticosteroids in such patients. 


Diseases of thyroid glands: 

Periodontal management of hyperthyroidism: 
@ Prevents the spread of infectious foci. 

Restrict the use of adrenaline 

Avoid severe stress situations 


NSAIDs and aspirin should be used with care 
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A complete blood count is recommended in patients 
treated with propyl-thiouracil. 


¢ Treatment should be stopped if signs or symptoms of 
a thyroid crisis develop. 


Periodontal management of hypothyroidism: 


¢ A complete blood count before performing dental 
treatment 


Restrict use of adrenaline 


@ Eliminate oral infection and avoid centrally acting 
depressant drugs. 


@ Knowledge of the drug interactions of L-thyroxin. 


In case of Myxedematous coma, only emergency dental 
treatment should be carried out. 


Renal diseases: 
Renal diseases can be classified as 
¢ Acute renal failure 
<> Pre-renal 
<> Post-renal 
@ Chronic renal failure 


Renal replacement therapy can affect periodontal tissues 
including gingival hyperplasia in immune suppressed renal 
transplantation patients. Increased levels of plaque, calculus, 
and gingival inflammation are noted. 
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There is a risk of increased prevalence and severity of 
destructive periodontal diseases patients on dialysis 
maintenance therapy. 


Also, the presence of undiagnosed periodontitis may have 
significant effects on the medical management of such 
patients. 


All the dental problems of a patient with Chronic 
Renal Failureshould be treated aggressively prior to 
transplantation. 


Periodontal Management of Patients on dialysis: 


¢ Intra-operative bleeding will beless if treatment is 
conducted the day after dialysis. 


@ No dental treatment is done on dialysis days 
@ Saliva substitutes should be given for xerostomia. 


@ Antibiotic cover should be given. Prior consumption 
of antibiotics like 2g amoxicillin 2 hours before 
treatment or 600 mg clindamycin. 


¢ Antibiotic therapy with administration of penicillin-V 
|000mg twice daily for few days before extraction 
of periodontally weak teeth. 


@ Surgical management of gingival overgrowth is 
necessary in dialysis patients. 


@ Consultation with the nephrologist 
¢ A complete blood count and coagulation tests. 


@ Prompt elimination of any infection in the oral cavity, 
with the antibiotic prophylaxis when septicemia or 
bleeding is expected. 


@ Blood pressure is to be monitored before and during 
treatment. 


@ Administration of conscious sedation to lessen 
anxiety. 


¢ The metabolism and elimination of certain drugs 
altered in situations of renal failure. Hence, dose 
adjustment or modification of the dose is needed. 


Liver diseases: 


Periodontal management of Hepatitis A, B, C, D, E: 


@ Risk of viral cross infection and universal protocol for 
sterilization should be strictly adhered to in handling 
such patients. 
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In patients with acute-phase viral hepatitis, only 
emergency treatment is performed. 


Associated disorders like autoimmune processes and 
diabetes can coexist in chronic hepatitis. Hence, it is 
necessary to prevent their direct complications and 
problems derived from specific medication use 
(corticosteroids and/or immune suppressors). 


Consultation with the patient’s physician in relation 
to immediate periodontal surgery or extractions and 
the hospitalization of the patient with intravenous 
infusion of coagulation factor replacements. 


Periodontal management of Head and Neck Cancer 
Patients: 
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Periodontal tissues are affected directly by 
radiotherapy. 


Indirect effects of radiation include radiation-induced 
xerostomia and alterations in the oral microflora. 


Periodontal treatment, including periodontal surgery, 
is possible within irradiated sites. 


Prevention of periodontal disease and attachment loss 
is of primary importance, and the best possible oral 
hygiene must be maintained since the local defense 
mechanism is reduced in these patients. 





Fig.60.2 Gingivitis in patients undergoing 
cancer chemotherapy 
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Bleeding Disorders: 


In the oral cavity, bleeding disorders manifest as spontaneous 
bleeding from gingiva associated with brushing or flossing. 
Profuse bleeding may occur following dental extractions. 


Periodontal Management of Hemophilia Patients: 


@ Appropriate blood investigations including CBC, 
Platelet count, BT, CT, PT, PTT, and INR should be 
performed to assess the condition of patient. 


@ Probing and supragingival scaling is permitted. 


@ Deep scaling, curettage, and surgery may need 
replacement therapy. 


Periodontal Management of Patients with 
Infectious Disease like Tuberculosis (TB): 


¢ Evaluate patients for history of TB 
@ Postpone elective dental treatment 
@ If patient must be treated: 


<> Dental Health Care Personnel should wear face 
mask 


<> Separate patient from others/mask/tissue 


< Refer to a facility with proper TB infection control 
precautions 


Periodontal management of patients with Muscular 
Dystrophies: 
@ Prophylactic oral care with a view to maintaining 
good oral hygiene. 


@ Individually modified helping devices and technical 
aids for oral hygiene are of particular importance 
when the muscular strength of the patient’s arms, 
hands and neck begins to decrease 


Respiratory diseases: 


Asthma: 
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Drugs to be avoided during Asthma 


@ Drugs containing aspirin (10-28% of all asthmatics 
may nottolerate such drugs). 


@ Non-steroidal anti-inflammatory drugs(NSAIDs) 


@ Macrolide antibiotics 
theophylline. 


in patients treated with 


@ Opiates can cause respiratory depression and 
histamine release. 


@ Local anesthetics should be used without adrenalin 
or levonordefrin, due to the sulfite preservative 
contents. 


@ Supplements may be needed prior to dental 
procedures that might cause stress if the patient has 
been receiving prolonged systemic corticosteroid 
treatment. 


Periodontal management: 


@ Elective treatment can be done in asymptomatic or 
controlled asthmatic patients. 


@ Defer the dental procedure and lift the patient to a 
comfortable position. 


@ Administer an inhalator - B2 agonist and maintain and 
keep airway free. 


@ Administer oxygen with a mask. 


@ If no progress is observed, or the symptoms 
deteriorate, administer subcutaneous epinephrine 
(1:1000 in solution, 0.0! mg/kg body weight, with a 
maximum dose of 0.3 mg). 


@ Inform the emergency medical service. 


¢ Oxygen levels should be maintained until the 
patient breathes on a_ regular basis, and/or 
medical help arrives. 


Periodontal management of COPD 


@ Xerostomia may result in asthmatic patients due to 


the drugs taken by them. Defective periodontal conditions may cause COPD patients 


to aspirate resulting in infectious lung diseases. Alveolar 


¢ Oropharyngeal candidiasis and an_ increased bone loss is associated with increased risk of COPD. 


prevalence of caries which may occur due to the use 


of inhalatory B-agonists Smoking is an important hazardous factor for both COPD 


and periodontitis. No studies to date have established 
a direct or indirect association between these two 
conditions. 


@ Oral rinses for the mucosal alterations following the 
use of medications is said to be beneficial. Asthmatic 
patients are oral breathers hence can also suffer 


ingivitis. 
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@ Advisable to treat the patients in the upright 
position. 


@ Oxygen equipment and personnel trained in its use 
must be available. 


@ Anti-histaminics, narcotics, hypnotics and 


anticholinergic agents are to be avoided. 


@ Supplements necessary if the patient is receiving 
corticosteroids. 


@ Macrolide antibiotics (Erythromycin, Clarithromycin) 
are to be avoided in case of individuals receiving 
theophylline. 


Dental Procedures That Cause Bacteremia 
@ Extractions. 
Implant placement. 
Reimplantation of avulsed teeth. 
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@ Endodontics beyond the apex. 

@ Placement of orthodontic bands. 
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Intra-ligamentary injections. 
Conclusion: 


Thus, an awareness of the medical conditions and the 
dental management of these patients in a periodontal clinic 
would go a long way in assisting the periodontist to have an 
unhindered, tension-free practice. 


Review Questions: 


Essay Questions: 


|. Discuss the influence of diabetes mellitus on the 
periodontium. Discuss the periodontal management 
of patients with diabetes mellitus. 


2. Discuss in detail the periodontal management of 
cardiovascular diseases. 


Short notes: 


3. Discuss the Periodontal management of individuals 
with COPD. 


4. Write briefly about the periodontal management of 
bleeding disorders. 
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Chapter Outline: 


¢ Introduction. 

¢ Definitions and terminology 

¢ Pathways of communications between pulp and 
periodontium. 

¢ Classifications. 

¢ Contributing factors for endo-perio lesions. 

¢ Predisposing factors for the endo perio lesions. 

¢ Etiological factors. 

¢ Primary endodontic lesions. 


¢ Primary periodontal lesions. 


Introduction 


Pulpal and periodontal tissues have an embryonic, 
anatomic and functional correlation. This inter-relationship 
can affect health, function and disease. The effect of 
periodontal disease on the pulp was described first by 
Turner and Drew in I919. Simring and Goldberg in 1964 
were the first to describe the actual relationship between 
periodontal and pulpal disease. Since then ‘perio-endo 
lesion’ has been used to describe lesions arising due to 
inflammatory products found in varying degrees in both 
periodontium and pulpal tissues. 


It has been suggested that periodontal disease does not 
affect the pulp unless it involves the root apex. Some 
studies report that the effect of periodontal disease is 
degenerative in nature including calcifications, fibrosis, and 
collagen resorption along with direct inflammation. 


“Pathologic changes in coronal periodontium show that 
the mechanisms involved in periodontal disease are similar 
to those involved in the pathogenesis of peri-radicular 
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lesions. An important difference between the two is their 
origin and direction of progression.’- Torabinejad & Trope, 
Principles and Practice of Endodontics, 1996. 


There are occasional diagnostic challenges when the patient 
presents with lesions affecting both the periodontium 
and periapical regions. These lesions have always caused 
confusion and controversy in dentistry. 


Proper diagnosis can be made by a complete clinical 
examination, radiographic evaluation, and pulp vitality 
testing. 


Definitions and terminology: 


The term endo-perio lesion refers to a lesion that shows 
dependent and /or independent involvement of the pulp 
(or the pulp space in the case of endodontically treated 
teeth) and periodontal tissues of an individual tooth, 
regardless of the etiological factors, pathological patterns, 
or the treatment approach. (Ahmed 2012) 

Y 


Cc Inter-disciplinary relations 


Endo-perio lesion is defined as a submerged or intrabony 
peri-radicular bone loss of pulpal and/or periodontal origin 
that communicates with the oral cavity via a probing 
defect. (Stock) 


Perio-endo lesion is defined as a pulpless tooth that 
shows destruction of the periodontal attachment 
reaching the whole way to the root apex or a lateral 
canal, for which both endodontic treatment and 
periodontal therapy are required. (Harrington and Steiner, 
2002) 


Recently a new classification for periodontal diseases and 
conditions was adopted by the International Workshop for 
a Classification of Periodontal Diseases and Conditions and 
a category of ‘Periodontitis Associated with Endodontic 
Lesions’ and a subcategory of ‘combined periodontic— 
endodontic lesions’ was added to the classification. 
Combined lesions are defined as ‘those cases where there 
is any coalescence of endodontic and periodontal lesions: 


Combined periodontal/endodontic lesions are localized, 
circumscribed areas of infection originating in the 
periodontal and/or pulpal tissues. 


Pathways of communications between pulp 
and periodontium: 


The dental pulp and periodontal tissues are in proximity. 
Three routes exist for communication between these 
unique tissues including dentinal tubules, lateral and 
accessory canals and apical foramen. 


Apical foramen: 


Itis the principal route of communication. Bacterial products 
and inflammatory mediators can exit through the foramen 
producing periapical pathology. This foramen could also be 
a portal of entry for inflammation of deep pockets into 
the pulp. It decreases in diameter with age. 


Dentinal tubules: 


The tubules of radicular dentin run from the pulp to the 
cemento-dentinal junction. They are relatively straight, and 
diameter is around Iu in the periphery. The density varies 
from 15000 tubules at the CDJ to 8000 near the tooth 


apex. 


Exposed dentinal tubules in areas of denuded cementum 
can serve as a pathway for communication between the pulp 
and periodontal ligament. It can be due to developmental 


Y 


Section - X 
defects, disease, periodontal or surgical 
procedures. Developmental grooves like palato- 
gingival and = apical grooves can be a route of 


communication. 


Sometimes, the cementum does not meet enamel leading 
to an open CE]. These tubules remain open and can 
lead to cervical dentin hypersensitivity. SEM studies 
reveal about 25% of anterior teeth, and 18% of all 
teeth have dentin exposure at the CE]. Same tooth can 
have varying presentation with exposure on one side and 
coverage with cementum on other sides. 


A gradual occlusion of the dentinal tubules is seen especially 
in the apical third of the root due to deposition of 
sclerotic dentine with age. 


These exposed areas become crucial for communication 
between the pulp and periodontal tissues. It may lead 
to progression of endodontic pathogens, effects on 
cementum by scaling and root planing, trauma and 
bleaching. 


Lateral and accessory canals: 


lt can be present anywhere on the root surface. Root 
canal ramifications were described by Preiswerk in 
I901. Estimation reveals that 30-40% of all teeth have 
such canals and majority are found in the apical third. 
Patent communications of varying sizes 10 — 250 um 
could be seen in many cases. Lateral canals could be 
detected in radiographs by a localized thickening of 
PDL on lateral roots surfaces or by the presence of a 
frank lateral lesion. 


DeDeus have reported that 9% of lateral canals could be 
noted in middle third and only 2% in the coronal third but 
[7% in the apical third of the root. However, the 
incidence of periodontal disease by pulpal irritants 
passing through the lateral canals is low. Kirkham 
studied 100 teeth with extensive periodontal disease but 
found only 2% of lateral canals in association with 
involved pocket. 


Accessory canals present in the furcation area of molars 
may be a direct communication between the pulp and 
periodontium. Incidence could be 23% to /6%. They 
contain connective tissue and blood vessels but may not 
extend the full length from the pulpal floor to the 
furcation. Seltzer et al have reported that patent 
accessory canals could be a potential pathway for spread 
of microbes and toxins from pulp into the periodontal 
ligament or vice versa. It should be noted that the 
number of accessory canals decreases with age. 
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Fig. 61.1 Intraoral radiograph showing 
furcation involvement with periapical lesion in 
mandibular first molar. 


Classifications: 


The different classification of the endo-perio lesions 
have been based on aetiologic factors, pathologic 
patterns, treatment strategies, prognosis and a 
combination of these factors by various researchers. 


By Oliet and Pollock (1968) 


Class I: Primary endodontic involvement with secondary 
periodontal factors, requiring only endodontic treatment 


Class II: Primary periodontal involvement with secondary 
endodontic factors, requiring only periodontal treatment 
alone 


Class III: Endodontic — periodontal involvement 
requiring co-related and combined therapy. 


By Simon et al. (1972) 


Class I: Primary endodontic lesion, when a sinus tract has 
formed to establish drainage. 


Class Il: = Primary endodontic disease — with 
secondary periodontal involvement, when plaque 
formation occurring in the sinus tract with progression 
to periodontitis and associated calculus formation. 


Class III: Primary periodontal lesion, when there is a 
progression of periodontal lesion to involve the apex of 
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a tooth while the pulp is vital (there may be some pulpal 
degenerative changes). 


Class IV: Primary periodontal disease with secondary 
endodontic involvement; periodontal disease causes a 
resultant pulpal necrosis as it progresses apically. 


Class V: True combined lesion. 


In addition, Belk and Gutmann (1990) proposed a sixth 
group of lesions — concomitant pulpal and periodontal 
lesions. 


By Hiatt (1977) 
Class |: Pulpal lesions with secondary periodontal disease 


of short duration. 


Class 2: Pulpal lesions with secondary periodontal disease 
of long duration. 


Class 3: Periodontal lesions of short duration with 
secondary Pulpal disease. 


Class 4: Periodontal lesions of long duration with 
secondary Pulpal disease. 


Class 5: Periodontal lesions treated by hemisection or 
root amputation. 


Class 6: Complete and incomplete crown-root fractures. 


Class 7: Independent Pulpal and periodontal lesions which 
merge into a combined lesion. 


Class 8: Pulpal lesions which evolve into periodontal 
lesions following treatment. 


Class 9: Periodontal lesions that evolve into Pulpal lesions 
following treatment. 


By Guldener (1985) 
Class |: Primary endodontic lesions. 


Class | (A): Accidental perforations (intraalveolar) or 
resorptive perforations (internal resorption). 


Class | (B): Chronic periradicular lesion (granuloma or cyst) 
or acute periradicular lesion (alveolar abscess). 


Class Il: Primary periodontal lesions. 


Class Il (A): Advanced periodontal disease with or without 
extension to the apical area (pulp vital). 


Class Il (B): Secondary endodontic involvement - Infection 
through lateral canals or dentinal tubules. Pulpal necrosis 
with or without secondary periapical involvement. 


Yy 
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Class Ill: Combined lesion - True combined lesion 
(coalescence between periodontal and endodontic lesion) 
or vertical crown-root fracture with Pulpal. 


Geurtsen et al (1985) 


|) Combined lesions requiring only a single root-canal 
treatment (favorable prognosis). 


2) Combined lesions requiring both endodontic and 
periodontal treatments (less favorable prognosis). 


3) Combined lesions with little hope of successful 
treatment (poor prognosis). 


Rateitschak et al (1989) classified endo-periodontal 
lesions into 3 types, 


Type | lesion — primarily endodontic origin and pulp is 
usually dead. 


Type Il lesion — basically periodontal disease, which 
sometimes affectsthe pulp and the pulp is usually normal 
or sometimes damaged by ascending pulpitis. 


Type III lesion — combined case of a root canal problem 
with periodontal disease and the pulp is usually dead. 


By Torabinejad and Trope (1996) 
|. Periodontal defect of endodontic origin 
2. Periodontal defect of periodontal origin 
3. Combine endodontic — periodontal lesion 
4 


. Independent endodontic and periodontal lesions 
without communication. 


Rossman has also described the clinical presentations and 
treatment options for such endo-perio lesions. 


By Von Arx & Cochran (2001): 
lt classifies endodontic and periodontal lesions with respect 
to the application of the membrane technique 


Class |: Periapical bone defect without marginal lesion 
la Lingual/palatal cortex not eroded 


Ib Lingual/palatal cortex eroded (with a_ buccal 
surgical approach, this will result in a transosseous or 
through-and-through bone defect) 


Class Il: Periapical lesion (with or without lingual erosion) 
and concomitant marginal lesion 


lla No communication between the separate lesions 
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IIb The two lesions are fused = communicating 
apico-marginal or endodontic-periodontal lesion 


Class Ill: Lateral or furcational lesion (with or without 
marginal lesion) 
Illa No communication to alveolar’ crest/marginal 
periodontium 
IIIb © Communication to alveolar — crest/marginal 


periodontium 

By Rotstein & Simon (2004) 

Class |: Primary endodontic disease 

Class Il: Primary periodontal disease 

Class III: Combined disease includes 

with 


A) Primary endodontic disease 


periodontal involvement 


secondary 


B) Primary periodontal disease with 


endodontic involvement 


secondary 


C) True combined disease 
By Weine (2004) 


Class |: Tooth in which symptoms clinically and 
radiographically simulate periodontal disease but are in fact 
due to Pulpal inflammation and/or necrosis. 


Class Il: Tooth that has both Pulpal or periapical disease 
and periodontal disease concomitantly. 


Class Ill: Tooth has no Pulpal problem but requires 
endodontic therapy plus root amputation to gain 
periodontal healing. 


Class IV: Tooth that clinically and radiographically simulates 
Pulpal or periapical disease but in fact has periodontal 
disease. 


By Abbott and Salgoda (2009) 


|. Concurrent endodontic and periodontal diseases 
without communication. 


2. Concurrent endodontic and periodontal diseases 
with communication. 


By Ahmed HM (2012) 
Class I Synchronous endo perio lesion 


Class II Pulpal lesions with subsequent periodontal 
involvement 
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|. Localized pathological pattern 
2. Unilaterally distributed pattern 


Class Ill Periodontal lesions with subsequent Pulpal 
involvement 


|. Developmental 
2. Non developmental 
Class IV Independent endo perio lesions 
Class V latrogenic endo perio lesions 
|. Endodontic procedures causing periodontal lesions 
Periodontal procedures causing Pulpal lesions 


3. Non-endodontic/ Non 
causing endo perio lesions. 


periodontal procedures 


Class VI Advanced endo perio lesion 


|. Advanced endo perio lesion with independent 
periodontal involvement 


2. Advanced endo perio lesion with no independent 
periodontal involvement 


Class VII Indefinite endo perio lesions. 


By Al-Fouzan(2014) : 
It is based on the primary disease with its secondary 
effect and is as follows: 


Apical foramen. 
Asssessory Canals 





Dentinal tubules. 


Anatomical and 


physiological connections 
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|) Retrograde periodontal disease: 


a. Primary endodontic lesion with drainage through 
the periodontal ligament, 


b. Primary endodontic lesion with secondary 
periodontal involvement; 
2) Primary periodontal lesion; 
3) Primary periodontal lesion with secondary 


endodontic involvement; 
4) Combined endodontic-periodontal lesion; 
5) latrogenic periodontal lesions. 


The authors prefer to classify the endo-perio lesions based 
on treatment options that are likely to used 


|. Tooth that need only endodontic therapy. (Favorable 
prognosis) 
2. Tooth that need only periodontal therapy. 


3. Tooth that requires both endodontic and periodontal 
therapy. 


4. Tooth-marked for extraction. 


Developmental factors. 


¢ Palatogingival grooves. 

¢ Facial radicular grooves. 

¢ Cementalhypoplasia. 

¢ Cementum lined radicular invaginations 
(radicular dens invaginatus) 

¢ Dentine dysplasiatype | 

¢ Enamel pearls. 

¢ Intermediate bifurcation. 





lONS 


Non developmental factors. 


t 


¢ Disease related factors: 
¢ Root caries. 
¢ Root resportion. 
¢ Trauma-induced factors: 
¢ Vertical and horizontal root fracture 
¢ Trauma induced root resorption. 
¢ Cementaltears. 
¢l|atrogenicprocedure. 
¢ Accidental perforations. 


¢ Exposed dentinaltubules dueto 
periodontal procedures like root planing. 


Pathological 


COMMUNICA 


Fig.61.2 Pulp and periodontal communications 
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The contributing factors for endo-perio lesions include the 


following: 
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detected by radiographs. It can also occur as 
a late complication after radiotherapy in facial 


@ Inadequate endodontic treatment leads to canal re- region. 


infection and treatment failure. 


Coronal leakage — leakage of bacterial elements from 
oral environment along restoration margins to the 
endodontic filling. 


<> Well-sealed coronal restoration is mandatory 
after obturation to prevent endodontic failure. 


Trauma to teeth and alveolar bone can affect pulp 
and periodontium 


Root resorption results in loss of dentin, cementum 
and/or bone. 


<> Non-infective root resorption 


e Transient root  resorption/ remodelling 
resorption — only seen microscopically 


e Pressure-induced root resorption by tumours, 
cysts, excessive orthodontic movements, 
succedaneous teeth and impacted teeth 


e Chemical-induced root resorption like 
bleaching agents, hydrogen peroxide 


e Replacement root resorption or ankylosis 
— occurs after luxation injuries or certain 
periodontal procedures or wound healing 


e Extra-canal invasive root resorption — 
occurs in cervical region and invasive lesions 


<~ Infective root resorption — 


e Internal resorption — located within the root 
canal space and usually caused by pulpal 
inflammation 


e External resorption — located on the external 
root surface 


latrogenic causes include- 


~~ Root perforations. -during root canal 
instrumentation or preparation for post. 


Overfilling of root canals 
Coronal leakage 


Traumatic fractures of root 


o> 


e By lateral condensation or endodontic posts 
Root planing affecting the integrity of cementum 
Chemical induced root resorption 


Intra-canal medicaments like bleaching agents 


+> ¢ 


Vertical root fractures. 


Perforation due to caries, resorption or iatrogenic 
during root canal instrumentation or preparation for 
post 


Developmental malformations like invaginations, 
vertical radicular grooves, 


Table 61.1: Predisposing factors for the endo perio lesions 


Atypical anatomic factors 


Malaligned tooth 


Multirooted tooth 


Presence of additional canals 


Cervical enamel projections 


Large lateral or accessory canals 


(ey 





¢ Malalignment of a tooth can cause food impaction and occlusal trauma. 


¢ Presence of a multirooted tooth in a position usually occupied by a 
single rooted tooth. 


¢ Presence of additional root, separate or fused, in multirooted teeth. 


¢ The resulting changes in root morphology in single and multirooted tooth. 


Cervical enamel projections into the furcation areas of multirooted teeth. 


Such canals in coronal and middle sections of roots can provide pathways to 
infection from pulp to periodontium and vice versa. 
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Dens invaginatus : 
° 
° 
Dens evaginatus : 
° 
Lingual groove . 


Traumatic injuries: 


Traumatic injuries to the teeth - 
Perforations 
Perforations ° 


Sodium Hypochlorite Accident 
Sodium hypochlorite accident ° 


Inadequate endodontic treatment: 
Inadequate endodontic treatment : 


It is a common developmental defect. 

The inner enamel epithelium invaginates into the dental papilla before 
calcification. 

Its presence increases the risk of pulpal disease and severe periodontal 
destruction. 

A tubercle or protrusion of enamel from the occlusal tooth surface that 
has a core of dentin usually containing a thin extension of pulpal tissue. 


The tubercles are susceptible to pulpal exposure caused by fracture, wear, 
orthodontic movement, or occlusal equilibration and also may involve the 
periodontium. 


The groove is a developmental anomaly where there is an infolding of the 
inner enamel Epithelium and Hertwig’s epithelial root sheath. 


The presence of a lingual groove frequently results in a deep narrow 
periodontal defect. 


They may involve the pulp and the surrounding periodontal attachment 
apparatus. 


Combined with gingival inflammation, trauma can lead to 
— Deep periodontal pockets- If lateral canals is present in pocket area, 
it can result in involvement of pulp. 


— Multirooted teeth-furcation exposures. 


They are caused by dental pathologies like extensive caries or resorption 
defects that have perforated through the dentin and into the peri-radicu- 
lar tissues. 


latrogenic perforations: 
— Endodontic treatment. 


— Periodontal surgical procedures. 


Perforations facilitate the formation of endo-perio lesions. 


It is regularly used as an irrigant in endodontic treatment. 


Accidental extrusion of sodium hypochlorite into the peri-radicular 
tissues immediately results in a diffuse swelling and extreme pain and can 
lead to endo-perio lesion. 


It is essential to clean, shape, and obturate the canal system well in order 
to enhance successful outcomes. Poor endodontic treatment often results 
in treatment failure and can be a predisposing factor for endo-perio 
lesions. 
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Coronal leakage 





Coronal leakage ¢ The term coronal leakage refers to leakage of microbes and other irri- 
tants to the root canal filling. It is a major cause of endodontic treatment 
failure, which can predispose to endo-perio lesion. 

Miscellaneous 

Systemic diseases: ¢ Diabetes may increase the susceptibility of teeth and surrounding tissues 
causing combined lesions. 





Fig. 61.4 Clinical picture showing abnormal crown 
with grooves in maxillary 2nd molar 





Fig. 61.3 Clinical picture showing supra- 
erupted mandibular 2nd molar 
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CLASSIFICATION OF 
DENTAL INJURIES 


Fig.61.5: Classification of dental injuries 





Fig. 61.7 Intraoral radiograph showing 
iatrogenic perforation into the furcation area 


Etiological factors: 
Live pathogens: 


The live pathogens present in a diseased pulp that can cause 
lesions in the periodontal tissues include the bacteria, 
fungi, and viruses. These pathogens and their by- 
products may affect the periodontium in a variety of ways 
and need to be eliminated during root canal treatment. 


There are studies that show products released from living 
bacterial strains and non-living pathogens like foreign 
bodies or tissue components, fungi and viruses can trigger 
inflammation and stimulate epithelial growth. 





Fig. 61.6 Clinical picture showing vertical crown 
fracture in maxillary first premolar 


Sometimes infection can pass through lateral canals and lead 
to pulpal inflammation. However, if the apical vasculature 
is intact, the pulp may remain vital. Similarly, periodontal 
procedure like scaling, curettage and surgeries may not 
induce severe pulpal inflammation. 


Pathogens from the root Endodontic infection: 

canals: ein mandibular molars is associated 
¢/Epithelial downgrowth. with increased furcal attachment loss. 
¢? Periodontal disease. ¢3x marginal bone loss in subjects 


prone for periodontitis. 


Fig. 61.8 Effects of endodontic infection on periodontal tissues 
Periodontics & Oral Implantology (9) 
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Bacteria: 


Bacteria play a critical role in endodontic and periodontal disease. The periapical tissues become involved as bacteria that 
invade the pulp, cause either partial or total necrosis. 


Pulpal and periodontal 


Spirochetes associated 
diseases of the same tooth 


endodontic and periodontal 





(Rupf et al ) el ers hens 

¢ Actinobacillus e Spirochetes are frequently found 
actinomycetemcomitans. in subgingival plaque than in 

e Bacteroides forsythus. root canals. 

¢ Eikenella corrodens, ¢ The most commonly seen 
Fusobacterium nucleatum. species in the root canal are as 

¢ Porphyromonas gingivalis. follows: | 

¢ Prevotella intermedia. ° Iden Hoh. 

e Treponema denticola ¢ T-maltophilum 


Fig. 61.9 Similarity in microbial profile of endodontics and periodontal diseases 
Fungi (Yeasts): 


The presence and prevalence of fungi associated with endodontic infections is well documented. The majority of these 
fungi are Candida albicans. Fungi may also colonize canal walls and invade dentinal tubules. Various Candida species 
have been isolated from the root canals and from adult periodontitis patients. The fungal colonization of the root 
canals is not completely understood though it has been associated with their presence in saliva. 


Viruses: 


Recent studies suggest that common types of human viruses may play a critical role in the pathogenesis of both 
endodontic and periodontal disease. However, more research is needed to demonstrate a causal relationship of viral 
infections with both pulpal and periodontal disease processes. 
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Human cytomegalovirus: 


elt vas observed in about 65% of 
periodontal pocket samples and 
In about 85% of gingival tissue 
samples. 





Epstein-Barr virus type I: 


«EBV was observed in more than 
40% of pocket samples and in 
about 80% of the gingival tissue 
samples. 


The viruses may play a 
role in overgrowth of 
periodontal pathogens. 


Periodontal disease 


Infectious biofilms: 


The majority of bacteria in virtually all natural ecosystems 
grow in biofilms and their growth in affected tissues is 
characterized by matrix-enclosed communities. So as in 
case of endo-perio lesions also bacteria grow in biofilms. 


Cholesterol crystals: 


The presence of cholesterol crystals in apical periodontitis 
has been reported in histopathological findings, and the 
reported occurrence of cholesterol clefts in periapical 
disease varies from 18% to 44%. 


It has been suggested that accumulation of cholesterol 
crystals in inflamed periapical tissues in some cases might 
cause failure of endodontic therapy. 


Foreign bodies: 


Foreign materials trapped in periapical tissues can cause 
pathologic tissue reaction. Particles of root filling materials, 
other endodontic materials and portions of foods can reach 
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Human cytomegalovirus 
and Epstein-Barr virus: 
eltis suggested that they play a 


rolein the pathogenesis of 
symptomatic pertapical lesions. 





Human 
Immunodeficiency Virus 


«DNA of HIV was noted in pulp 
and periapical tissues of AIDS 
patient. 


Herpes simplex virus: 


elt was identified within the pulp. 

«However itis not associated with 
pulpal inflammation. 

«Activation of herpes viruses can 
lead to over growth of bacterial 
pathogens by direct 
ImmMuUNosuppression and tissue 
destruction. 
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Fig. 61.10: Viruses in the pathogenesis of periodontal disease and endodontic infection. 


the periapical tissues and initiate a foreign body reaction 
that may be associated with periapical radiolucency. 


This foreign body reaction in the periapical tissue may 
further progress and involve the periodontium and result 
in an endo perio lesion. 


Clinical presentations: 


Endo-perio lesions are complex lesions can exist in 
varied clinical presentations. It could be a pulpal infection 
that extends into the periodontal space or it could be a 
destructive periodontal lesion extending into the periapical 
region and involving the pulp. 


Anomalies in tooth anatomy or root morphology can 
complicate diagnosis and lead to failure of treatment. 
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Fig.61.11 Retrograde periodontitis 


Enter through 
Lateral canals 
or Apical canals 


Periodontal 
inflammation 


Retrograde 


pulpitis 





Fig.61.12 Retrograde pulpitis 
Primary endodontic lesions: 


These lesions arise from a non-vital pulp. The local factors 
like plaque and calculus are minimal. The inflammation 
extends along the periodontal ligament and drains through 
the gingival sulcus through a sinus tract. 


lt can also occur when acute exacerbation of chronic 
periapical lesions drains into the furcation area or necrotic 
pulp infection spreading through lateral canals into the 
furcation area. 


Studies have shown that endodontic infection induces 
periodontal pocket formation, affects the attachment and 
leads to the progression of periodontitis. 


On clinical examination: 


@ It can present as an isolated periodontal lesion or as 
furcation involvement in multirooted teeth but with 
normal inter-proximal bone levels. 


fay 
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@ Probing depth is deep only on the affected tooth 
along the sinus tract, while it is normal in other teeth. 
By careful probing, it can be noted that the break is 
about |mm wide and probing a millimetre on either 
sides is within normal limits. Thisis referred as a 
narrow sinus tract-type of probing. 


@ Minimal local factors around the affected tooth. 
@ Negative pulp vitality test — non-vital tooth 


@ Radiographs may be relatively normal with isolated 
bone loss around the involved tooth. 


@ In order to rule out the origin: 


<~ A gutta-percha cone or tracking instrument 
is inserted into the sinus tract, and multiple 
radiographs are taken to determine the origin of 
the lesion. 


<> When the pocket is probed, it is usually narrow. 


A general rule is that narrow sinus tract-like probing 
is commonly associated with a pulpless tooth, but 
exceptions can be seen on tooth with a vital pulp like: 


@ Sinus tract could be from adjacent pulpless teeth or 
advanced periodontal disease. 


@ Developmental grooves can be associated with acute 
infections. 


@ Fused roots of posterior teeth. 


@ Incomplete coronal fractures (cracked tooth) in 
posterior teeth. 


@ Crown-root fractures. 
@ Spontaneous vertical root fractures. 
@ Enamel spurs/ enamel pearl. 
@ Impact trauma on lingual surfaces of maxillary 
anterior teeth. 
Management: 


Yoneda et al have proposed bacteriological examination of 
root canal. 


@ It can be done with anaerobic culture test, which 
requires several days to estimate the result and root 
canal therapy may have to be delayed. 


@ Periocheck is a tool that detects periodontopathogens 
like Pgingivalis, T.forsythia, T.denticola by their 
peptidase activity. [he result is shown as double-plus, 
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plus and negative according to the colour of peptidase 
substrate in 15 minutes. Once the score is negative, 
root canal filling could be done. 


Endodontic therapy of the involved tooth with complete 
debridement and obturation of root canal space will usually 
result in complete healing. The sinus tract around the root 
will heal after completion of endodontic treatment, and no 
further treatment is necessary. 


Prognosis is excellent. 
Primary periodontal lesions: 


Such lesions extending into the root apex may imitate 
endodontic problems. However, the bone loss pattern in 
chronic periodontitis will be generalized and affects many 
teeth. 


On clinical examination, 


@ Pulp of teeth involved with primary periodontal lesions 
usually remains vital unless the pulp degenerates. Pulp 
test indicates a normal pulpal reaction. 


Pain is typically absent even in advanced disease unless 
associated with abscess formation. 


@ Plaque and calculus accumulation could be noted 
along with wider periodontal pockets. 


Management: 


There is no need for endodontic therapy, as it is primarily 
a periodontal disease. 


Prognosis: 


@ It depends on the severity of the periodontal 
disease. 


@ If the bone loss is closer to the root apices, then the 
prognosis is poor. 


Primary endodontic disease with secondary periodontal 
involvement: 


Untreated suppurating primary endodontic disease may 
sometimes become secondarily involved with marginal 
periodontal breakdown.In such cases,marginal periodontitis 
is developed as a result of plaque formation at the gingival 
margin and migration of plaque along the sinus tract. 
Misplaced pins and posts during coronal restorationor 
root perforations during endodontic therapy can also lead 
to secondary periodontal involvement. 
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All of/most of the following features can be observed 
in cases of Primary endodontic disease with secondary 
periodontal involvement 


@ Long standing pulpal pathosis 
Large restorations 

Pulp capping procedures 
Deep carious lesions 


Root fractures, especially on endodontically treated 
teeth with post and crowns. 


Clinical presentation includes, 


@ Acute presentation with periodontal abscess 
formation associated with pain, swelling, pus exudate, 
pocket formation, and tooth mobility 


@ Chronic presentation may occur without pain and 
a sudden appearance of pocket with bleeding on 
probing or pus exudation. 


@ Radiographic evidence of angular defect at the site of 
involvement. 


Prognosis: 


@ The prognosis of the endodontic component is 
excellent. When plaque or calculus is present, 
the prognosis of the periodontal component is 
compromised. 


Management: 


“When you are unable to establish a _ diagnosis, 
consider the lesion to be of pulpal origin, as endodontic 
treatment may correct both lesions.’ — (Hiatt) 


@ In these type of endo-perio lesions, the tooth 

requires both endodontic and __ periodontal 
treatments, but should first be treated with 
endodontic therapy. 


@ These lesions will not completely resolve with 
endodontic treatment alone. Root canal treatment / 
re-RCT should be done immediately. 

@ Calcium hydroxide paste is filled in the cleaned and 
shaped root canals. The calcium hydroxide has the 
following advantages: 
<> It is bactericidal. 
~ It is anti-inflammatory and proteolytic. 
<> It inhibits Resorption and helps in repair. 
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< It also inhibits periodontal contamination of 
instrumented canals via patent channels connecting 
the pulp and periodontium before periodontal 
treatment removes the contaminants. 


@ Ifthe endodontic treatment is adequate, the prognosis 
depends on the severity of the marginal periodontal 
damage and the efficacy of periodontal treatment. 
With endodontic treatment alone, only part of 
the lesion will heal to the level of the secondary 
periodontal lesion. 


@ Endodontic treatment results should be evaluated in 
2 to 3 months and only then advanced periodontal 
treatment should be considered. This sequence of 
treatment allows sufficient time for initial tissue 
healing and better assessment of the periodontal 
condition. 


@ Once the lesion due to pulpal infection is resolved 
i.e., after the completion of root canal therapy, then 
deep scaling and periodontal surgery should be 
considered to resolve the part of the lesion sustained 
by periodontal disease. 


@ Aggressive removal of the periodontal ligament and 
underlying cementum during interim endodontic 
sate might adversely affect periodontal healing. 
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Fig. 61.13 Clinical picture showing a periodontal 
pocket in relation to first molar. 
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Fig. 61.14 Radiograph showing primary endodontic 
lesion with secondary periodontal involvement — 
pocket formation and furcation invasion 


Primary periodontal disease with Secondary 
endodontic involvement: 


A periodontal pocket may continue and progress until the 
apical tissues are involved. In this case, the pulp may become 
infected due to irritants entering via lateral canals or the 
apical foramen and subsequently become necrotic. 


Treatment complications of periodontal disease can also 
lead to secondary endodontic involvement. Lateral canals 
and dentinal tubules may be opened to the oral environment 
by curettage, scaling, or surgical flap procedures. In such 
cases, blood vessels within a lateral canal can be severed 
by a curette and microorganisms introduced into the area 
during treatment. This may often result in pulp inflammation 
and necrosis. 


All of/most of the following features can be observed in 
cases of Primary periodontal disease with secondary 
endodontic involvement 


@ Deep periodontal pockets > 6 — 8 mm 

@ History of extensive periodontal disease/therapy 
@ No caries/ restoration/ pulp-capping procedures. 
4 


Pain is accentuated due to extension of infection 
into the pulp — through the apex, lateral canals or 
accessory canals. 


@ Negative pulp vitality test — non-vital pulp but mixed 
results in multi-rooted teeth. 
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@ Generalized periodontitis, plaque, calculus and soft 
tissue inflammation 


@ Large areas of periapical destruction can occur 
without compromising health of the pulpal tissue 


@ Diagnosis is vital to prevent needless devitalisation 
of teeth 


@ Radiographically severe bone loss extending near to 
or around the apex is seen or even generalized bone 
loss could be noted. 


Prognosis: 


@ The prognosis depends primarily upon severity of the 
periodontal disease and periodontal tissues response 
to treatment. 


@ In single-rooted teeth, the prognosis is usually poor. 


@ In molar teeth, the prognosis may be better because 
notall the roots may suffer the same loss of supporting 
tissues. 


Management: 
@ Endo-perio lesions where involvement may be limited 
to reversible pulpal hypersensitivity; such cases 
may be treated purely by periodontal therapy. 


@ Periodontal treatment removes the noxious stimuli, 
and secondary mineralisation of dentinal tubules 
allows the resolution of pulpal hypersensitivity. 

@ If pulpal inflammation is irreversible root/re-root 
treatment is carried out followed by periodontal 
treatment 
- in some cases surgical intervention is advantageous. 


@ The prognosis of periodontal lesions is poorer than 
endodontic lesions and is dependent on the apical 


via accessory canals or 
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Fig. 61.15: Pathogenesis of Endo perio lesion 
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extension of the lesion. As the lesion advances the 
prognosis approaches that of a true-combined lesion. 


True combined diseases: 


There is simultaneous disease of pulp and periodontium 
occurring independent of each other. It is a diagnostic 
challenge, as it is difficult to differentiate periodontal disease 
from endodontic lesions both clinically and radiographically. 
When endodontic disease progresses coronally and joins 
the infected periodontal pocket, it results in true combined 
endo-perio lesion. However, such lesions are rarely seen. 


Vertical root fractures on a tooth with chronic periodontitis 
can initiate a combined lesion. 


All of/most of the following features can be observed in 
cases of true combined endo-perio lesions 


@ Negative pulp vitality test — non-vital tooth 


@ Presence of caries, restoration, and even pulp capping 
can be seen. 


@ Pain and swelling are present. 

@ Plaque, calculus, soft tissue inflammation 

@ Wide and conical periodontal pockets 

@ Generalized osseous defects/ bone loss 

@ Mobility of involved tooth. 

@ Radiographs may be similar to a vertically fractured tooth. 


Rusu et al have analysed and compared the bacterial profile 
among combined endo-perio lesions. They found the 
presence of Aggregatibacter (Actinobacillus) actinomycet 


emcomitans, Porphyromonas gingivalis, Tannerella forsythia, 
Treponema denticola and Prevotella intermedia in all the 
studied cases. 
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Management: @ These lesions usually have a more guarded prognosis 
relatively when compared with other endo-perio 


@ Like primary periodontal disease with secondary 
lesions. 


endodontic involvement, true combined lesions 
also require both endodontic and _ periodontal Diagnostic steps for any endo-perio lesion: 


considerations. 


True-combined lesions are treated initially as 
for primary endodontic lesions with secondary 
periodontal involvement, and then most of the 
times periodontal surgical procedures have to be 
considered. 


Sometimes alternative treatments like root 
amputation, hemisection or separation have to be 
considered, and it may allow the root configuration to 
be changed sufficiently for part of the root structure 
to be saved. 


Prior to surgery, palliative periodontal therapy should 
be completed, and root canal treatment carried out 
on the roots to be saved. 


The success rate of endodontic-periodontal combined 
lesions without a concomitant regenerative procedure 
is reported to be 27 — 37%. The microscope-assisted 
regenerative procedure had a success rate of 77.5% 
over 5 years. A radiographic vertical defect of 4mm 
and width of 250 is favourable for guided tissue 
regeneration as a treatment option. However, post- 
surgical treatment may be needed as studies revealed 
that 18.8% of teeth treated had residualpockets, and 
partial bone fills after therapy. 


However, the periodontal tissues may not respond 
well to treatment, and healing will depend on 
the severity of the condition. Hence, due to the 
unpredictable nature of such lesions, extraction and 
implant replacement is often the choice of treatment 
in current practice. 


Prognosis: 


@ Inthese lesions also, prognosis depends primarily upon 


severity of the periodontal disease and periodontal 
tissues response to treatment. The degree of 
attachment loss in this type of lesions is large and the 
prognosis guarded in single-rooted teeth. 


@ Along junctional epithelium formed over the exposed 


root surface could be a contributing factor for the 
poor prognosis. 
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¢ Complete dental history of the patient — history of 


previous pulpal or periodontal treatment, history of 
trauma, history about pain 


<> Nature of pain: 


e Primary pulpal conditions are usually acute as 
are combined periodontal lesions with acute 
exacerbation — sharp pain 


e Secondary pulpal involvement, periodontal or 
combined conditions are usually chronic in 
nature — dull discomfort 


<> Distribution of pain 

e Pulpal pain is usually localized 

e Periodontal pain is mostly generalized 
< Aetiological factors: 


e Local factors like plaque and calculus will be 
present in primary periodontal lesions. 


e Recent history of pulpal exposure or trauma 
can be seen in primary endodontic lesions 


Routine periodontal assessment for presence of 
mobility, plaque index, and deep pockets or furcation 
involvement. 


<> Long and single narrow pocket is suggestive of 
endodontic origin. 


<> Multiple, wide entrance pockets are suggestive of 
periodontal origin, 


¢ Visual inspection for 


<> Presence of sinus tract or inflammation 


e Radiographic confirmation with tracing the 
sinus track using gutta-percha cones or pre- 
softened silver cones. 


<> Severe inflammation in association with large 
restorations 


e Anatomical variations like palatal grooves 


Percussion can show vertical tenderness in pulpal 
lesions or lateral tenderness for periodontal 
conditions 
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¢ Palpation of affected teeth will detectpresence of peri- 
radicular abnormalities or zones that are tender. 


<> Blood flow tests 
<> Cavity tests 
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@ Testing for coronal cracks. Prognosis: 
¢ Pulp vitality tests The factors influencing the treatment outcome should be 
<> Cold test considered on patient-specific, defect-specific and healing 


<> Electric pulp testing 
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Fig. 61.16 Prognosis of endo-perio lesions 
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Should the involved tooth® 
w be extracted? 


¢ Extraction of the tooth should be considered 
before advancedrestorationis consideredfora 
tooth with endo perio lesion. 

¢ Evaluate the functional need of the tooth. 

¢ Evaluate if providing adequate root filling is 
possible. 

¢ Evaluate the restorability of the tooth post 
treatment of endo perio lesion. 

¢ Patient suitability forlengthy, costly, invasive 
treatment with a need for high patient motivation. 
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If the factors 
mentioned are 
not positive, 


extraction is the 
treatment of 
choice. 


Extraction of the involved tooth. 


Fig. 61.17 Primary consideration in extraction of tooth with Endo-Perio lesion. 
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The periodontal-endodontic controversy: 


Two questions have been raised frequently. Can a pulpless 
tooth be the cause for periodontal disease? Is periodontal 
disease a cause of pulp necrosis? It has treatmentimplications 
on whether to do endodontic therapy prophylactically 
for teeth involved with moderate or severe periodontal 
disease or to retain/extract a pulpless tooth and replace it 
with an implant. 


Fibrosis and reticular atrophy has been the histological 
description of pulp pathology attributed to causes like 
periodontal disease. However, these reports prior tol975, 
should be carefully interpreted as these histological 
appearances could be artefacts. Similarly regarding the 
histological identification of pulpal abscesses is more reliant 
on the timing of examination and it cannot interpret or 
project the disease beyond that moment. 


Effect of periodontal disease on pulp: 


Tagger and Smukler performed root amputations of 
teeth extensively involved with periodontal disease and 
found that none of the pulps in the resected roots had 
inflammatory changes. Haskell et al removed roots from 
maxillary molars with total or nearly total periodontal 
involvement and reported minimal inflammation in pulps 
of resected roots. 


Czarnecki & Schilder compared the pulps of teeth with 
normal periodontium, caries-free teeth and teeth with 
periodontal disease. They reported that histologically 
pulp was within normal limits regardless of the severity of 
periodontal disease. Similarly, Torabinejad & Kiger 
reported that advanced periodontal disease had little or 
no effect on the human pulp. 


Ross and Thompson evaluated the progress of 100 
patients with maxillary molar furcation involvement over 
5-24 years. Only 4% of these patients required root 
canal therapy subsequent to periodontal therapy, but it 
was only due to caries or pulp degeneration under 
restorations and not due to periodontal disease. 


Bergenholtz and Nyman evaluated 417 non-abutment 
teeth in patients with advanced periodontal disease over 
4-|3 year period. 60% of teeth had crestal bone level at 
apical 2/3rd of the root. However, only |I4 teeth 
required root canal therapy during maintenance. 
Progression of periodontal disease to involve the root 
PIB quoted as a cause for 4 teeth. 
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Jaouiet al studied patients with advanced periodontal 
disease for 5-14 years after completion of active periodontal 
treatment. Of 571 teeth, only one tooth required root canal 
therapy over the entire recall period. 


Clinical research studies with follow-up maintenance on 
1623 teeth revealed that only 67 teeth required root canal 
therapy due to_ periodontal disease, even after 
appropriate periodontal therapy. [he most common cause 
was recurrent caries leading to pulp exposure. 


Langeland et al reported that periodontal disease should 
extend till the root apex, so that plaque accumulation in 
apical foramen can lead to pulpal involvement. 


All these studies prove that periodontal disease and 
periodontal treatment has negligible effect on the dental 


pulp. 
Effect of endodontically involved teeth on 
periodontal health and healing: 


The potential effect of a tooth with necrotic pulp or an 
endodontically treated tooth may pose as a risk factor for 
initiation, progression or healing of periodontal disease. 
These results were based on similarity of microbial flora 
among root canals and deep periodontal pockets. 


Retrospective statistical studies by Jansson, 
Ehnevid, Lindskog and Blomlof reported that pulpless 
tooth with a periapical lesion can promote the initiation 
of periodontal pocket formation, progression of 
periodontal disease and interfere with healing of 
periodontal lesion after treatment. They also reported 
deeper mean probing depths (0.2mm) and increased bone 
loss on teeth with periapical pathology. 


Jansson et al reported that teeth with periapical lesions 
lost 2mm more proximal marginal bone. They also 
estimated that the rate of marginal proximal radiographic 
bone loss among patients with periapical lesions was 
0.19mm/year, and it was only 0.06mm/year for teeth 
without periapical lesions. 


Ehnevid et al reported that there was no correlation 
between periapical pathology and mean pocket depth 
reduction for non-surgical treatment of vertical defects or 
surgical management of horizontal/vertical defects. 


Jansson & Ehnevid reported that mean probing depth 
was 0./mm deeper in untreated molar with periapical 
lesion and 0.2mm difference at proximal sites. 
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Sanders et al reported that only 33% of teeth which 
had root canal therapy prior to periodontal surgery had 
>50% bone fill, but 65% of normal teeth had complete or 
>50% of bone fill after placement of freeze-dried bone 
allografts. 

Nyman and Lindhe reported that bone height was 
maintained equally well around root-filled and_ vital 
teeth. Miyashita et al also could not show a correlation 
between reduced marginal bone support and endodontic 
status. 

McGuire&Nunn predicted that endodontic involvement can 
worsen the prognosis of periodontal disease. However, in 
their clinical study, none of 131 teeth that had endodontic 
involvement were lost. 

Clinical and follow-up studies revealed that tooth loss was 
only 2% of all periodontally involved teeth and failure rate 
of endodontically treated teeth was 1.2%. The survival 
rates of teeth with root resection was not different from 
osseointegrated implants. 

Thus, all these studies prove that a pulpless tooth may 
not be an etiological risk factor for periodontal disease. 
Even if present, the comparative risk is negligible. 


Conclusion: 


Endodontic and periodontal lesions result from the close 
interrelationship of pulp tissue and the periodontium. The 
major pathways of communication between the two types 
of tissue are the apical foramina, lateral and accessory 
canals, and dentinal tubules. 


The differential diagnosis of endodontic and periodontal 
lesions is not always straightforward and requires clinical 
data accumulation from a number of diagnostic tests to 
obtain a correct diagnosis. It is suggested that the differences 
could be identified by the following: 


¢ Careful probing. 
@ Identifying contours. 
@ Interpreting pulp test response. 


When examining and treating the combined or individual 
lesion in endodontics and periodontics, the clinician must 
bear in mind that successful treatment depends ona correct 
diagnosis. Lesions with combined causes will require both 
endodontic and periodontal therapy, and endodontic 
therapy should usually be completed first. 

Root resection and regenerative techniques offer alternative 
approaches, enhancing the clinician’s ability to deal with 
these complex clinical problems. 
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Review Questions: 


Essay Questions: 
|. Write in detail about endo-perio lesions. 
Short notes: 


. Write a short note on the classification ofendo perio 
lesions. 


3. What are the different treatment options for the 
management of endo-periolesions. 
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Chapter Outline: 


¢ Influence of Orthodontic Therapy on Periodontal Health 
° Benefits of orthodontic therapy for periodontal problems 


e Orthodontic 
defects 


treatment of periodontal osseous 


¢ Orthodontic treatment of gingival discrepancies 


¢ Factors contributing to ideal gingival form 


As our knowledge is expanding enormously, we have 
walked out of the arena of single specialty treatments to 
multispecialty therapies. Now inter-disciplinary treatments 
with periodontics, orthodontics and endodontics give the 


best management to the patient. 


As a routine, orthodontists handle young patients to 
alter their facial appearance and enhance their aesthetics. 
However, with advancing awareness, adult patients are 
demanding better aesthetics and report for orthodontic 
therapy in significant numbers. 


Orthodontic treatment could be done for adult patients 
with advanced periodontal disease to re-establish aesthetics 
and function. 


Influence of Orthodontic Therapy on 
Periodontal Health: 


Gkantidis et al had conducted a systematic review to 
assess the effects of orthodontic treatment of periodontal 
tissues, patients with compromised periodontium 
and inter-disciplinary management of aesthetic problems. 


The number of periodontal pathogens in anterior sites 
of misaligned teeth greater than sites with aligned teeth. 
There is higher risk of food impaction and alteration of 
osseous architecture in crowded teeth. Thus, correction 
of crowding can alleviate the risk of developing 
periodontal disease by improving access to oral hygiene 
and altering the tissue morphology. 
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¢ latrogenic Damage to the Periodontium Caused by 
Orthodontic Treatment Procedures 


e Review Questions 
— Essay Questions 
— Short notes 


¢ Principal references and suggested further reading 


Restoration of tooth alignment by uprighting tilted molars 


can stimulate the periodontium. The probing depth, tooth 
mobility and associated bony defects could be altered 
by orthodontic extrusion of tipped teeth. 


Extrusion, Intrusion, Lingual retraction and_ bodily 
movement of teeth into edentulous areas can improve the 
surrounding soft tissue and bony architecture. 


Controlled tipping or _ proclination can produce 
unfavourable loads on the periodontium leading to 
gingival recession. 





Fig. 62.1: Orthodontic treatment induced gingival 
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Benefits of orthodontic therapy for periodontal problems: 


Table 62.1:Orthodontic therapeutic solutions for periodontal problems 


ES 


|. | Orthodontic teeth alignment. ° 
2. Vertical orthodontic tooth repositioning : 
3. Orthodontic therapy ° 
4. Forced eruption of fractured teeth. ° 
5. Extrusion ° 
6. Intrusion ° 
7. Closure of gingival embrasures ° 
8. Improves tooth position. ° 


Evidence suggests that fixed appliance therapy could be 
carried out even in the presence of alveolar bone loss, if 
supported with high-quality periodontal intervention and 
good hygiene maintenance. Studies have confirmed that, 


@ Pre-treatment evidence of periodontal tissue 
destruction is no contra-indication for orthodontics. 


@ Orthodontic therapy improves the possibilities of 
saving and restoring a deteriorated dentition. 


@ The risk of recurrence of an active disease process is 
not increased during appliance therapy. 


Orthodontic treatment of periodontal osseous 
defects: 


|. Hemiseptal defects are one walled osseous defects. 
They are found more commonly around mesially 
tipped and supra-erupted teeth. 


Y 


Better oral hygiene. 


Improve certain types of osseous defects. 


Teeth moved into infrabony defects can have defect 
closure, bone fill, and possibly new attachment formation. 


Uprighting a tipped tooth with hemiseptal defect levels 
the defect. 


It can align the gingival margins. 
Prevents surgery. 


lt can be performedas means of implant site preparation 
where the extruded tooth is orthodontically extracted 
while bone tissue is being progressively deposited apical 
to it. 


In treatmentof Pathologicaltooth migration/pathologically 
extruded teeth with periodontal disease and infrabony 
defects. 


Regain lost papilla. 


Creates space for implants/ tooth replacements. 


2. Advanced horizontal bone loss: In cases of advanced 
horizontal bone loss,bone level should be used as 
a guide to position the brackets on the teeth. The 
teeth are then equilibrated. This helps in forming a 
favourable bony architecture and crown: root ratio. 


3. Furcation defects: Hemisection or root resection with 
orthodontic realignment of roots within dental arch 
helpsto transform the clinical situation comparable 
to a single rooted anterior tooth. Thus, better plaque 
control may lead to a better long timeprognosis, and 
the retained root may act as an important abutment. 


4. Root proximity: Roots at close proximity impair the 
patient’s ability to remove plaque and thus are prone 
to periodontal disease and unfavourable prognosis. 
With proper orthodontic treatment, the adjacent 
teeth can be moved apart and aligned properly. This 
increases the interproximal bone support, improves 
patient ability to control plaque and improves 
prognosis. 
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5. Fractured teeth and forced eruption by orthodontic 
treatment may be used to erupt fractured tooth. 


Orthodontic treatment of gingival 
discrepancies: 


Kokich has described 3 unaesthetic situations that may 
develop with orthodontic treatment — gingival margin 
discrepancies, missing papilla and gummy smile. 


Uneven gingival margins: 


The gingival margins of the maxillary anterior sextant plays 
a crucial role in overall aesthetics of the teeth and smile. 


Factors contributing to ideal gingival form: 


|. The gingival margins of the two central incisors 
should be at the same level. Research has shown 
that a |.5mm discrepancy between central incisors is 
considered to be unaesthetic by general public. 


2. The gingival margins of the central incisors should be 
positioned more apically than the lateral incisors and 
at the same level as the canine. 


3. The contour of the labial gingival margins should 
mimic the cemento-enamel junctions of the tooth. 


4. A papilla should exist between each tooth, and the 
height of the tip of the papilla is usually halfway 
between the incisal edge and the labial gingival height 
of contour, over the centre of each anterior tooth. 


Criteria for correction of uneven gingival margin: 


|. If the patient’s lip line hides the gingival discrepancy, 
then it need not be treated. 


2. Evaluate the labial sulcular depth of the two central 
incisors. If the shorter tooth has a deeper sulcus, 
then excisional gingivectomy is appropriate. Thus, the 
gingival margin of the shorter tooth can be moved 
apically. 


3. Evaluate the relation between the shortest central 
incisor and the adjacent lateral incisor. If the shortest 
central incisor is still longer than lateral incisor,extrude 
the longer central incisor and equilibrate the incisal 
edge. This will move the gingival margin coronally and 
eliminate the gingival margin discrepancy. 


4. Determine if the incisal edges have been abraded. 
This is done by evaluating the teeth from an incisal 
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perspective. If one incisal edge is thicker labio-lingually 
than the adjacent tooth, this may indicate that it has 
been abraded, and the tooth has over-erupted. In 
addition, if the incisal edge has a yellow or brown 
central region, this could indicate abrasion into the 
dentine of the tooth. In these situations, the best 
method of correcting the gingival margin discrepancy 
is to intrude the short central incisor. This method 
allows the movement of the gingival margin apically 
and permits the restoration of the incisal edges. 


Orthodontic therapy for open gingival 
embrasures: 


The presence of a papilla between the maxillary central 
incisors is a key aesthetic factor in any _ individual. 
Occasionally, adults will have open gingival embrasure or 
black triangles between their central incisors. 


These unsightly areas often are difficult to resolve with 
periodontal therapy. However, orthodontic treatment can 
correct many of these open gingival embrasures, even in 
some adult periodontal patients. 


This space is usually due one of three factors: tooth shape, 
root angulation, or periodontal bone loss. 


Orthodontic therapy can be used to converge roots of 
maxillary incisors and thus reduce or eliminate open 
gingival embrasures. The direction of orthodontic tooth 
movement and labio-lingual thickness of supporting bone/ 
soft tissue will determine the treatment outcome. 


A deficient papilla can be lengthened slightly with 
orthodontic treatment. By closing open contacts, the 
orthodontist can squeeze the interproximal gingival and 
move it incisally. This type of movement can help to create a 
more aesthetic papilla between two teeth, despite alveolar 
bone loss. 





Fig.62.2: Orthodontic treatment induced gingival 


enlargement with concomitant inflammation 
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Significant abrasion and over-eruption: 


In patients with bruxism, significant abrasion and over 
eruption is seen. Two treatment options are available. 


|. If roots are long and broad, then crown lengthening 
procedure may be undertaken and prepared tooth 
be crowned. 


2. In case when the roots are not long and broad 
orthodontic intrusion of the teeth is advantageous. 
The teeth must be intruded and then crowned. 


Implant therapy and orthodontics: 
Orthodontics can help in implant placement by 


@ Creation of space for implant placement.eg in case of 
missing teeth where adequate space is generally lost. 


@ Creation of buccolingual bone width by strategic 
drifting of adjacent teeth where adequate width is 
not present. 


Implants in turn can be used as anchorage units in 
orthodontic treatment. They act as excellent anchorage 
units, as anchorage loss with implants does not occur. 


Orthodontic treatment for pathologic tooth 
migration: 


There is a possibility of correcting infra-bony pockets with 
orthodontic intrusion by modifying the alveolar bone and 
soft tissues around the affected tooth. Though there is 
no histologic evidence that new attachment is produced, 
orthodontic intrusion could reduce probing depth and 
resolve radiological bone defects. 


Moderate degrees of pathologic tooth migration can be 
managed by orthodontic extrusion of affected teeth. While 
extrusion can improve the periodontal condition, it can 
lead to longer clinical crowns and worsen the existing 
aesthetics. 


Orthodontic movement with healthy periodontal tissues 
does not result in loss of connective tissue attachment. But 
in the presence of inflammation, orthodontic movement 
could lead to periodontal breakdown and additional loss 
of attachment. Hence, lighter orthodontic forces should 
be applied to teeth with compromised bone support. The 
interval of orthodontic force activation should also be 
longer as remodelling is delayed in diseased sites. 


Cc 


Section - X 


Active orthodontic movement could be started 7-10 
days after periodontal surgery. The segmented arch 
technique could be used to achieve intrusion of maxillary 
and mandibular incisors. Studies reveal that about |.5mm 
intrusion could lead to |.35mm of vertical bone fills in 
periodontitis. 


Forced eruption: 


Clinical situations with fractured tooth compromising 
aesthetics is a challenge. In such cases, forced eruption can 
be utilized to create reversal of bone architecture around 
the tooth being erupted. 


Osseous funnelling or lipping occurs around erupted root, 
which can be corrected surgically to restore physiological 
form. Initial extrusion confines the future surgical correction 
to the extruded tooth and thereby spare the adjacent 
structures. 


Heither say has reported that combined 
endodontic-orthodontic therapy can be used to treat 
vertical root fractures. 


Ritchey and Orban have described that crestal architecture 
is determined by the state of eruption of a tooth. The 
attachment apparatus constantly maintains a balance with 
the cemento-enamel junction and can lead to crestal bone 
deposition on tooth extrusion. 


Ingber has reported that forced eruption could be used 
to correct isolated, one-wall osseous defect. It can also 
be used to expose sound tooth structure for restoration. 
Minor surgery was needed at the end of forced eruption to 
restore osseous form followed by a period for stabilization 
of the new architecture. 


Oppenheim reported that entire alveolar bony housing 
was remodelled along the direction of tooth movement 
without any damage to periodontium, if uniform light force 
was administered. 


Cardaropoli et al suggested that orthodontic movement, 
if started shortly after periodontal surgery or before the 
complete healing of the periodontal wound, has no negative 
effects on the periodontium. 


latrogenic Damage to the Periodontium Caused by 
Orthodontic Treatment Procedures: 


@ Orthodontic appliances: They are potential causes 
of mechanical and chemical irritation for the 
periodontium. 
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¢ Plaque accumulation: Any addition to the 
tooth structure increases the plaque accumulation. 


@ The use of orthodontic appliance often leads to a 
change in the intraoral microflora, leading to a 
bacterial array similar to that present in_ sites 
affected by periodontal disease. 


¢ Gingival hyperplasia: An enlargement of the 
gingiva due to an increase in the number of cells. 
(Glossary of Periodontal terms, 2001) Gingival 
Hyperplasia can develop around the tooth that are 
banded. It generally resolves after debanding. 


¢ Gingival recession: Location of the gingival margin 
apical to the cemento-enamel junction.(Glossary of 
Periodontal terms, 2001) Individuals with thin 
periodontal profile have a risk of gingival recession 
with orthodontic treatment. The movement of the 
tooth within the alveolar housing does not lead to 
gingival recession. However, when an incisor is 
moved labially apical migration of gingiva can occur. 


In a recent study, Rasperini et al found that the: 


@ Thin gingival biotype is prone to gingival recession 
with all types of orthodontic movements. 


¢ Orthodontic proinclination of teeth is related to loss 
of soft gingival tissue with thinner the biotype, the 
higher being the keratinized tissue width loss. 


Gingival invaginations: 


@ Gingival Cleft: A vertical fissure in the gingiva. 
(Glossary of Periodontal terms, 2001) 


@¢ They are commonly seen after space closure 
with orthodontic therapy. 


@ The invaginations range from mild fissures to deep 
clefts. 


@ The exact biologic mechanism by which these 
invaginations form remains unknown. 


¢ External resorption: Resorption of tooth 
structure beginning on the external surface. 
(Glossary of Periodontal terms, 2001). External root 
resorption is common with orthodontic therapy and 
is more likely to occur when heavy forces are 
applied on the tooth. It also occurs when the forces 
are continuous in nature. Apical resorption of less 
than |-2 mm is clinically insignificant. 


¢ Periodontal latrogenic damage from apical 
dislodgement of orthodontic material like elastic 
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bands used in cases such as diastemas is documented. 
At times orthodontic bands can get impacted into 
the gingival sulcus and lead to periodontal infection 
and destruction of the attachment apparatus. 





Fig. 62.3: Radiograph-Band displaced into the gingival 


sulcus 





Fig. 62.4: Lingual view-Orthodontic band in the 
Sulcus 
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Fig. 62.5:-Buccal view-Orthodontic band displaced into the gingival 


sulcus 


Tab 62.1: Periodontal therapy for orthodontic problems 





Periodontal 
therapy for 
orthodontic 
problems 


T Plaque accumulation 

Gingival invaginations after space closure. 

Gingival Hyperplasia 

Gingival recession: 

Other latrogenic problems: 

Maintenance of hopelesste eth for orthodontic anchorage: 
Rapid tooth extrusion 

Relapse 
Highfrenum 
F: welerg to ath ae - " Sho dierteeimerit ine ai - expansion 


of constricted arches, enhanced post-orthodontictre atment 
stability. 


Scaling and oral hygiene measures 

Gingivoplasty. 

Gingivoplasty and Gingivectomy may be required. 
Periodontal plastic surgical procedure forroot coverage. 
Treatment of iatrogenic problems due to orthodontictherapy. 


Teeth with severe periodontal disease, with hopeless prognosis 
can be retainedwith periodontal maintenance for the period of 
orhodontictre atmentto be usedas an anchortooth. 


Circumferential supracrestal fiberotomy/precesion:To prevent 
the lipping/ growth of the alveolar bone with the tooth. 


Circumferential supracrestal fiberotomy/precesion:To severe the 
dentogingival fibers and helpin retention. 


Mucogingival surgery Frenotomy 


Corticotomy 
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Fig.62.4 Corticotomy-Assisted Orthodontic Treatment (Courtesy Dr.Hari) 


Gingival Fiberotomy: A circumferential crevicular identifying the type of orthodontic therapy and the resultant 


incision through all gingival and periodontal fibers periodontal health to clarify this situation. 
coronal to the crest of the alveolar bone. (Glossary of 
Periodontal terms, 2001) Review Questions: 


Conclusion: Essay Questions: 


|. Discuss the influence of orthodontics appliance on 


Evidence suggest that orthodontic therapy can provide 
the periodontal status. 


novel treatment options to patients with periodontal 
disease. It can reduce the microbial load, damaging forces 2. Discuss briefly the iatrogenic damage to the 

and improve overall prognosis. But other systematic reviews periodontium caused by orthodontic treatment 
report decrease in periodontal health after orthodontic Procedures. 

therapy. Hence, future research should be directed towards 
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Short notes: 


3. 


What are the benefits of orthodontic therapy for 
periodontal problems. 


. What are the benefits of Periodontal therapy for 


orthodontic problems. 
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_ Chapter Outline: 


¢ Introduction 
¢ Definitions and terminology. 
¢ Clinical studies on biologic width 
¢ Location of the restoration margin. 
— Supragingival margins. 
— Equi-gingival margins. 
— Subgingival margins. 
¢ Restoration overhangs. 
¢ Artificial crown contour. 
¢ Proximal contact relationships. 
¢ Influence of material. 


The long-term success of a restored tooth depends on 
the preservation of a healthy periodontium. There is a 
significant relationship between restorative dentistry and 
periodontal health. The increase in aesthetic demand has 
shifted the focus to create ideal soft tissue contour around 
the prosthesis or implants. 


There has been a difficulty in placement of restorative 
margins and prosthetic replacement of periodontally 
compromised patients. There are situations when teeth 
with extensive caries or subgingival fractures, the decision 
should be made whether to extract or restore it with 
endodontic and periodontal therapy. 


Many treatment failures were attributed to poor handling 
of periodontal tissues but blamed on poor oral hygiene/ 
cooperation by the patient. However, the actual reason for 
these incidents is the violation of biologic width due to 
improper margins. 
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Ferrule length. 

Biological Width Requirements. 

Biologic width evaluation. 

Surgical Techniques for Crown Lengthening. 


— External bevel gingivectomy. 
— Apically positioned flap with bone recontouring 


Forced tooth eruption. 

Forced tooth eruption with fibrotomy. 
Conclusion. 

Review Questions. 

Principal references and suggested further reading 


eThe relationship between dental 
restorations and gingival margins. 


¢The occlusal relations of dental 
restorations. 


¢The support from the periodontium for 
partial dental dentures or fixed 
bridgework. 

¢The consequences of gingival recession. 

ecrown lengthening for cast restoration. 

¢Periodontal/pulpal infections. 

¢Dental implants. 


Majorareas of 
relationship between 
restorative dentistry and 
periodontics (Eley et al.): 


Fig 63-1: Restorative — Periodontic Inter-relations 
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DEFINITIONS AND TERMINOLOGY: 


BIOLOGIC WIDTH is defined as the physiologic 
dimension of the junctional epithelium and connective 
tissue attachment. (Glossary of Periodontal Terms, 2001) 


Biologic width is the total of supracrestal fibers, junctional 
epithelium, and sulcus. (Nevins and Skurow) 


Biologic width is the zone of the root surface coronal to 
the alveolar crest, to which the junctional epithelium 
and connective tissue are attached. (Garguiloet al.) 


The biologic width is defined as the dimension of the soft 
tissue, which is attached to the portion of the tooth 
coronal to the crest of the alveolar bone. (Padbury et al.). 


The biologic width is defined as the junctional epithelium 
and  supracrestal connective’ tissue attachment 
surrounding every tooth (Ingber et al., Amiri-Jezeh et al.). 


Gingival aesthetics is based on the constant vertical 
dimension of periodontal tissues called the biologic width. 
It refers to the physiological dento-gingival junction of 
natural teeth. It acts as a biologic seal surrounding the teeth 
to protect the subgingival connective tissue from microbes 
and simultaneously support the alveolar bone. 


The width of free gingiva and junctional epithelium keep 
changing during active tooth eruption and passive eruption. 
However, the width of connective tissue fibres above the 
alveolar crest does not undergo any alterations. 


The measurement has been found in some studies to 
be relatively constant at approximately 2mm (+30%). 
Proximally, when the interdental papilla fills the gingival 
embrasure, about 5mm of soft tissue is present between 
the alveolar crest and tip of interdental papilla. This 5mm 
corresponds to Imm of connective tissue, |mm of epithelial 
attachment and 3mm of sulcular depth. 


The dimension of biologic width can vary based on tooth 
position, from tooth to tooth or surface to surface on the 
same tooth, but it is present in all healthy dentition.It varies 
in different individuals. 


The biologic width follows the architecture of the bone 
crest which follows the scalloped shape of CEJ. Similarly, 
biologic width is also established around implants based 
on the location of alveolar crest. The mean width around 
implants is 3-4mm corresponding to 2mm of junctional 
epithelium and 1.3-1.8mm of connective tissue. These 
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dimensions were found to be similar among different 
implant systems and remained stable over time. 
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Fig. 63.2 Dento gingival unit (Courtesy — Dr.P-C.Anila) 
CLINICAL STUDIES ON BIOLOGIC WIDTH: 


Garguilo, Wentz & Orban studied dento-gingival 
components of 287 individual teeth from 30 autopsy 
specimens. They reported a certain uniformity of the 
dimension of some components of biologic width: 


@ Mean depth of the histologic sulcus is 0.69mm, 


@ Mean junctional epithelium measures 0.97mm (0.71 
to 1.35 mm), 


@ Mean supra-alveolar connective tissue attachment is 
|.07 mm (1.06 to 1.08 mm). 


As sulcular depth is variable, authors usually refer biologic 
width only as the sum of epithelial and connective tissue 
attachment, is therefore 2.04 millimetres (1.77 to 2.43 
mm). 


Vacek et al evaluated 171 cadaver tooth surfaces and 
reported a mean measurement of |.34mm for sulcus 
depth, |.l14mm for epithelial attachment and 0.77mm for 
connective tissue attachment. 


Eissman etal concluded that biologic width to be about 2mm. 
Alpistie-Illueca reported biologic width to be 2 0.72mm. 
Ghahroudi et al reported a biologic width of 2.46mm for 
anterior teeth and 2.63mm for posterior teeth, 2.7mm for 
thick and 2.4mm for thin tissue biotypes. 


Stenly reported that length of junctional epithelium to be 
0.1 to 1.4mm. The variations of epithelial attachment range 
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from Imm to Imm. However, most authors recommended 
measurement of connective tissue attachment for 
consistent results. 


Rasouli Ghahroudi et al reported that the biologic width 
was not only different in individuals but also could be 
dissimilar in different teeth. They suggested that itshould be 
calculated independently prior to restorative treatments. 


Schmidt et al in a recent review summarised the available 
studies on the biologic width and found that in humans 
without a reported history of periodontal disease the 
mean dimensions of the biologic width ranged from |.5 to 
2.7 mm.The smallest biologic width measurement was 0.2 
mm. Tooth type and tooth site influenced the dimensions 
of the biologic width. 


eCellular structure rich in fibroblasts 

eHighly vascularised with supply from 
PDLand sub-periosteum 

eSupracrestal fibres provide support to 
soft tissues around the teeth. 


AN miele tee orleans a 
originating from the underlying 
connective tissue extended into the 


root cementum in a complex three- 
dimensional network. 


eScalloped morphology 


Meese eisai aletelem em tase 
and thicker 


Biologic width around teeth 
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Moreover, inindividuals with a history of periodontal 
disease, they found the mean dimensions of the biologic 
width ranged from |.25+0.19 mm to 3.95+1.04 mm. They 
also found that the smallest biologic width measurement 
was 0.5 mm, and the greatest amounted 6.40 mm. 
Attachment loss and increased probing depths influenced 
the dimensions of the biologic width There was significant 
intra- and inter-individual variability in the dimensions of 
the biologic width. 
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Fig. 63.3: Biologic width around teeth and implants. 


The underlying bone morphology determines the 
horizontal component of biologic width especially 
horizontal component of bone loss. 


The vertical component of biologic width is dependent on 
gingival biotype. 


@ Thick biotype is more resistant to recession and 
shows pocket formation after apical migration of 
junctional epithelium. 
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@ Thin biotype has increased risk for facial recession and 
interproximal loss of gingival tissue with periodontal 
disease and after any surgery. 


The rule of biologic width is that there is a zone of 
connective tissue separating the epithelium from the 
underlying osseous structures. Bone cannot be maintained 
below the epithelium without a connective tissue 
interface. 
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The factors to be looked for in maintenance of biologic 





width include: 


@ Location of restorative margins — _ especially 
subgingival margins. 

@ Restoration overhangs. 

Artificial crown contour. 


@ Proximal contact relationships. 


Fig. 63.4 Maintenance of biologic width 


What is the 
physiological 
function of 
the biologic 
width? 


Itis suggested to act as 
a protective barrier for 
the subjacent 
periodontal ligament 
and the supporting 
alveolar bone. 
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Schmidt etalin his review inferred that a'magic number 
for the biologic width as a treatment objective cannot be 
recommended, as the use of mean values could mask the 
actual clinical situation. lt was also inferred that the biologic 
width seems to be affected by periodontal disease. 


Location of restorative margins: 


Biologic width is essential for preservation of periodontal 
health, and any irritation or disturbance of the biologic 
width by the restorative margins might damage the 
periodontium. 
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Fig. 63.5 Physiological function of biologic width 
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Fig. 63.6: Biologic width 


What are the factors that determine 
the location of restoration margin? 
eAesthetics. 


eRetentive factors — increased retention form. 
«Influence of material. 


eRefinement of pre-existing margins. 
eCervical abrasion. 

eRoot sensitivity. 

eSusceptibility to root caries. 
Degree of gingival recession. 





Fig. 63.7: Factors that determine the location of restoration margin 
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The clinician can place supragingival, equi-gingival (even with 
the tissue) and subgingival margins. It is always advisable to 
place supragingival margins. 


Supragingival margins: 


Supragingival margins of the restoration or crowns were 
associated with least gingival inflammation. It was classically 
recommended for non-aesthetic areas due to marked 
contrast in colour and opacity of traditional restorative 
materials against the tooth. But with the advent of adhesive 
dentistry and resin cements, it can also be used in aesthetic 
areas. 


Orkin et al reported a lesser chance of bleeding and gingival 
recession in supragingival restorations. Silness found that 
Supragingival crown margin was most favourable and did 
not compromise gingival health. 


Kosyfaki et al reviewing the interactions between dental 
crowns and periodontal tissues indicated that a crown 
margin with a supragingival location was the most beneficial 
restoration type in terms of periodontal health. 


Advantages of supragingival restorations: 


@ Ease of impression making 


5 


Ease of cleansing 


5 


Least gingival inflammation 


5 


Detection of secondary caries 


5 


Maintenance of probing depths. 
Equi-gingival margins: 


Equi-gingival margins were not preferred due to increased 
plaque accumulation and gingival inflammation. However, 
with superior finishing techniques, it can be used to get 
a smooth polished interface at gingival margin. It is also 
well-tolerated by the periodontium, provided it is above 
the crest. If it violates the biologic width, it can result in 
periodontal disease. 


Subgingival margins: 

There is a potential risk of periodontal damage, especially 
if the margins are places sub-gingivally. Subgingival margins 
can lead to gingival inflammation and destruction of biologic 
width. Subgingival margins 


@ They can at instances cause direct operative trauma 
to the tissues. 
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@ They facilitate increased plaque accumulation 
subgingivally which leads to accelerated periodontal 
breakdown and recurrent caries. 


In thin gingival biotypes, the inflammatory response 
to plaque accumulation results in gingival recession. 


@ In thick gingival biotypes, crestal bone loss, loss of 
connective tissue attachment and deep pocket 
formation can be seen. 


@ Gingival hyperplasia and minimal bone loss or a 
combination of these presentations can also be seen 
at times. 


@ In general, the culprit is the plaque accumulation 
consequent to the subgingival margins rather than 
the mere placement of margin subgingivally. 


New comb analysed 66 anterior crowns with subgingival 
margins. He reported that nearer a subgingival crown 
margin to the epithelial attachment, more severe was the 
gingival inflammation. 


Parma-Benfenati et al observed 5mm of osseous resorption 
when restorative margins were placed at alveolar crest 
in beagle dogs. Minimal resorption was noted when 
restorations were placed 4mm coronal to the alveolar 
crest. Severe bone resorption was noted in areas with thin 
cortical bone and interdental septa. 


Tal et al reported that violation of biologic width resulted 
in loss of periodontal support. They reported gingival 
recession and bone loss in association with Class V cavities 
on canines of beagle dogs. 


Gunay et al reported that sites with restorative margins 
<Imm to the alveolar crest showed higher papillary 
bleeding scores and probing depths. 


Regardless of the depth of penetration, the mere presence 
of subgingival restoration can induce unwanted tissue 
effects. Renggli and Regolati showed that even well- 
adapted subgingival amalgam fillings showed greater plaque 
accumulation and gingivitis than normal tooth structure. 


Waerhaug reported that subgingival restorations were 
plaque-retentive areas inaccessible to scaling instruments. 
These areas continued to accumulate plaque even 
with adequate supra gingival plaque control. He also 
demonstrated gingivitis and attachment loss with 
submarginal restorations in monkeys and dogs. 


By 
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Wang et al proposed that posterior teeth with crowns or 
proximal restorations showed more furcation involvement 
and attachment loss than teeth without proximal 
restorations. 


Settler and Bissada showed that subgingival restorations on 
teeth with narrow zone of keratinized gingiva showed higher 
gingival index scores than those teeth with wider zones. 
Hence, clinicians should consider gingival augmentation in 
such cases before placement of subgingival restorations. 


Dragoo and Williams showed compromised healing with 
gingival bevel crown margins than shoulder preparations 
on human teeth. 


Flores-de-Jacoby et al reported that subgingival margins had 
increased plaque, gingival index scores, and probing depths. 
There was also an increase in spirochetes, fusiforms, rods 
and filamentous bacteria in subgingival margins. 


Valderhaug & Birkeland reported that 27% of crown 
margins placed subgingivally became supragingival margins 
after 5 years. They also showed greater mean attachment 
loss with subgingival restorations. 


Use of sulcular depth as a guide: 


|. If the sulcus depth is 1.5mm or less, the restoration 
margin should be 0.5mm below the gingival crest. It is 
important on the facial aspect to maintain the biologic 
width if the patient is at high risk for recession. 


2. If the sulcus depth is more than |.5mm, place the 
margin approximately 0.75mm/ half the sulcus depth, 
so that it is still under the tissue if the patient is at 
high risk for recession. 


3. If sulcus depth is >2mm especially on the facial aspect, 
evaluate whether gingivectomy could be performed 
to create a |.5mm sulcus and treat the patient using 
first rule. 


Restoration overhangs: 


Overhanging restorations are considered to be a 
contributing factor for gingivitis and attachment loss, due to 
retention of bacterial plaque and increase in periodontal 
pathogens within the bacterial plaque. 


Most restorations could be recontoured without replacing, 
and it should be a standard component of non-surgical 
therapy. A motor-driven diamond tip was faster in removing 
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overhangs and left a smoother restoration than sonic 
scalers and curettes. 


Brunsvold & Lane reported a prevalence of 25-/6% of 
overhanging restorations for all restored surfaces. 


Gilmore & Sheiham showed radiographic bone loss in the 
interproximal areas of posterior teeth with overhanging 
restorations. 


Highfield & Powell showed that removal of overhangs and 
professional plaque control improved gingival indices and 
bone scores. 


Jeffcoat & Howell correlated severity of overhang with 
periodontal destruction. They classified overhangs into 
3 categories based on their space occupied, 


@ Small - <20% of interproximal space 
¢ Medium — 20 to 50% of interproximal space 
¢ Large- >51% of the interproximal space 


They reported greater bone loss around teeth with 
large overhangs. Small and medium overhangs were not 
associated with bone loss. 


Lang et al reported that placement of subgingival margins 
altered the associated microflora similar to adult chronic 
periodontitis. They showed higher proportions of 
bacteroides and gram-negative anaerobic rods. 


Chen et al reported greater attachment loss in teeth with 
overhang surfaces. 


Pack et al reported 62% of all restorations had overhangs 
and were associated with severe periodontal disease. 


Overhangs are usually noted with swaged crowns, and the 
margins are placed subgingivally for swaged crowns. Many 
have been replaced with metal ceramic crowns with precise 
margins to reduce gingival inflammation. 


Artificial crown contour: 


There are conflicting reports regarding the proper contour 
needed to maintain gingival health. Some reports show 
that original anatomic tooth contour permits functional 
stimulation and maintains gingival health. Others advise that 
under-contoured crown is better for periodontal health. 


Yuodelis et al reported that crowns with greater facial and 
lingual bulge showed more plaque retention at the cervical 
margins. 
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Ehrlich & Hochman reported that factors other than 
variations in crown contour determined the gingival 
response. 


Becker & Kaldahl reported that buccal and lingual crown 
contours should be flat and not fat. It should be <0.5mm 
wider than the CE}. The furcation areas should be fluted or 
barrelled out to accommodate oral hygiene maintenance. 


Proximal contact relationships: 


Tight interproximal contacts are important for gingival 
health. Open contacts can lead to food impaction and 
increase patient discomfort. Thus, loose or open proximal 
contacts contribute to pocket formation. 


Kepic & O’Leary demonstrated no difference in periodontal 
breakdown, if adequate oral hygiene was maintained. 


Larato reported that 18% of intrabony lesions were 
associated with factors that cause food impaction. 


Hancock et al reported a significant relationship between 
food impaction and contact type. They showed greater 
food impaction at sites with open or loose contacts. 
These sites showed increased probing depth. 


Influence of material: 


Restorations are in contact with gingival surfaces. 
Best biocompatible materials should be used to 
create an optimal biologic response. Rough surfaces of 
restorations will promote plaque formation and 
maturation. High energy surfaces are known to collect 
more plaque. The materials can be ranked based on 
plaque accumulation and biocompatibility as _ glass- 
ceramics, zirconium oxide, titanium, dental porcelain, 
metal alloys and composite resin. 


Paolantonio et al assessed amalgam, glass-ionomer 
cement and composite resin subgingival restorations. 
They reported that though there were no significant 
differences, composite resin had negative effects on 
quantity and quality of subgingival plaque. The patients 
should be highly motivated towards oral hygiene and by 
accurate contouring, finishing and polishing of subgingival 
restorations. 


Quirynen & Bollen explained that surface roughness and 
surface-free energy influence supragingival and subgingival 
plaque formation. 
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Ferrule length: 


A ferrule is a_ metal intended for 


strengthening. 


ring or cap 


Ferrule is defined as metal band or ring used to fit the 
root or crown of a tooth (Glossary of Prosthodontic 
Terms, 2005). 


Ferrule effect is a 360-degree metal collar of the crown 
surrounding the parallel walls of the dentine extending 
coronal to the shoulder of the preparation (Sorensen & 
Engelman). 


A foundation restoration is used to increase the crown 
height, width or both to increase the retention of full- 
crown restoration. In these situations, supragingival 
margins may be partially or entirely placed on 
foundation restorative material. However, prosthetically, 
this restoration in the apical one-third of preparation 
would be subjected to maximum _ occlusal load. 
Similarly, when a post is placed, occlusal stress will 
concentrate on the cement used for retention. 


The ferrule is formed by circumferentially extending 
the restorative margin |-2mm apical to the most apical 
extent of foundation restoration or core build-up. This 
ferrule will disperse the occlusal forces onto periodontal 
ligament rather on the post and core. 


Hence, while planning to maintain biologic width, 
3mm with additional |.5mm should be allotted towards 
ferrule design. 


Biological Width Requirements: 
The recommendation is that a minimum of 3mm of space 
is needed between restorative margins and alveolar bone. 


This width should be maintained while planning for any 
restoration. 


Ingber et al suggested a minimum of 3mm from the 
restorative margin to the alveolar crest. 


Maynard and Wilson divided the periodontium 


into 3 dimensions and claimed that all these 
dimensions’ influenced’ decision of _ restorative 
treatment. 


¢ Superficial physiologic represents free and attached 
gingiva surrounding the tooth. 


¢ Crevicular physiologic represents the gingival 
crevice extending from the free gingival margin 


to the junctional epithelium G 
Y 
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¢ Subcrevicular physiologic is analogous to 
biologic —_ width, consisting of junctional 
epithelium and connective tissue attachment. 


They reported that margin placement into the subcrevicular 
physiologic space should be avoided. 


Nevins and Skurow stated that when subgingival margins 
are placed, it should not disrupt the junctional epithelium 
or connective tissue attachment during preparation and 
impression taking. The subgingival extension should be only 
0.5-Imm, as the clinician cannot detect where the sulcular 
epithelium ends and junctional epithelium begins. They also 
proposed that minimum of 3mm distance from crown 
margin to alveolar crest. 


Block suggested the use of free gingival margin as reference 
point for measurements, as biologic width was difficult to 
judge by the clinician. If the restorative margins end at or 
near the alveolar crest, surgical crown lengthening was 
necessary. 
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Mankoo also stressed the importance of biologic width in 
implants on edentulous ridges. 


Crown margins which extend apically beyond the junctional 
epithelium can violate the requirements for periodontal 
health and cause loss of periodontium. An inappropriate 
crown margin increases plaque accumulation in close 
proximity to bone crest.VWhen a subgingival crown margin 
is to be placed, it may be necessary to surgically move the 
crestal bone margin apically, so that there is at least 3 mm 
space between the margin and the bone. 


Violation of 
biological width 
results in 
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Fig.63.8 Consequences of violation of biological width 


Biologic width evaluation: 


It can be evaluated with radiographs and _ clinical 


assessment. 
Radiographic interpretation: 


Studies with Bitewing radiographs reported an average 
of 0.4mm to 2mm distance between the CEJ and alveolar 
crest. Radiographic interpretation can identify gross 
interproximal violations of biologic width. 


However, with common locations on the mesiofacial 
and distofacial line angles of teeth, radiographs are not 
diagnostic because of tooth superimposition. 
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Clinical assessment: 
¢ Biologic width: 
<> Transgingival probing or bone sounding with a 


manual probe is recommended to determine 
an individual’s biologic width. It checks for thick 
connective tissue attachment and junctional 
epithelium. The probe is pushed through the 
anaesthetized attachment tissues from the sulcus 
to the underlying bone. The sulcus depth is 
subtracted the probing depth to get the biologic 
width. 


It should be performed on healthy gingival tissues, 
i.e. after the periodontal health is established and 
should be repeated on more than one tooth to 
confirm the accuracy. 
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<> The biologic width is assessed for the adjacent 
teeth not subscribed for any dental procedure, 
and an average is calculated. This will give the 
biologic width for the particular individual. 


¢ For violation of biologic width: 


<> Amore accurate assessment can be made clinically 
by measuring the distance between the bone and 
the restoration margin using a sterile periodontal 
probe. 


<> If a patient experiences tissue discomfort when 
restoration margin levels are assessed with a 
periodontal probe, it is a good indicator that 
biologic width violation has occurred. 


<> Bone sounding - If this resultant width is less than 
2mm at one or more locations, a diagnosis of 
biologic width violation can be confirmed. 


Etiology of the violation of the biologic width 





¢ Tooth preparation-damage to the JE. 
@ Soft tissue retration procedures. 

@ Impression techniques. 

@ Electrosurgery 


@ Temporary restoration. 


Fig. 63.9 Etiology of the violation of the biological width 
Surgical Techniques for Crown Lengthening; 


Allen reported that violation of biologic width leads 
to reaction by periodontium. Alveolar bone will resorb 
inconsistently to provide space for a new connective tissue 
attachment resulting in increased probing depth. Hence, it 
is advisable to increase the dimension of clinical crown by 
surgical crown lengthening than violating the biologic width 
with a subgingival restoration. 


CROWN: The part of a tooth that is covered with enamel 
or a dental restoration and normally projects beyond the 


gingival margin.(American Academy of Periodontology 
1992). 


ANATOMIC CROWN: The portion of a natural tooth 
that extends from its cemento-enamel junction to the 
occlusal surface or incisal edge.(American Academy of 
Periodontology 1992). 
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CLINICAL CROWN: The portion of a tooth that 
extends occlusally or incisally from the margin of the 
investing soft tissue, usually gingiva. (American Academy of 
Periodontology 1992). 


LENGTHENING OF CLINICAL CROWN: A 
surgical procedure designed to increase the extent of 
supragingival tooth structure for restorative or esthetic 
purposes by apically positioning the gingival margin, 
removing supporting bone, or both. May be accomplished 
by orthodontic tooth movement.(American Academy of 
Periodontology 1992). 


This surgery can provide additional clinical tooth structure 
to give a coronal or equi-gingival margin to the restoration. 
Failure to do surgery prior to margin placement can lead 
to violation of biologic width. Hence, surgery should be 
recommended if the final restoration will be 3 mm from 
alveolar crest. 


Crown lengthening procedures include: 
@ Gingivectomy 
@ Apically positioned flap surgery 
@ Apically positioned flap with osseous reduction 
4 


Orthodontic forced eruption: It is a conservative but 
time-consuming process. It is useful for isolated teeth 
requiring crown lengthening. 


¢ Combination 
<> Forced eruption with surgery 
<> Forced eruption combined with fiberotomy 


Surgical crown lengthening may include the removal of soft 
tissue and alveolar bone. Reduction of soft tissue alone is 
indicated if there is adequate attached gingiva and more 
than 3mm of tissue coronal to the bone crest. 


This may be accomplished by either gingivectomy or 
apically positioned flap technique. Both of these techniques 
have limited applications, as bone removal is needed to 
make the distance between alveolar crest and anticipated 
restoration margins. 


Inadequate attached gingiva and less than 3mm of soft tissue 
indicates surgical flap procedure and osteoplasty/ osseous 
resection. Apically positioned flap with osseous surgery is 
the most common technique for crown lengthening. 
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Smukler and Chaibi described supracrestal gingival fibers, 
their variations between sites and reformation after surgical 
excision. The regrowth of these fibres are dictated by the 
underlying anatomy of the dental and osseous units. 


Surgical lengthening gives immediate results, as the tooth 
structure is exposed after surgery. 


Literature suggests a minimum distance of 3-4mm from the 
restorative margin to alveolar crest. 


Indications for Crown Lengthening: 


@ Development of Adequate Crown Structure: 
Subgingival caries. 
Shortened by extensive caries 


Short clinical crowns with or without aesthetic 
deficiencies 


Fracture in the coronal third of the root. 


Perforation in the coronal third of the root. 
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Inadequate clinical crown structure for retention. 
@ Aesthetics: 


<> Incomplete passive eruption when unequal or 
unaesthetic gingival heights are present (Gummy 
smile). 


<> Teeth shortened by incomplete exposure of 
anatomical crown 


<> Aesthetic enhancement 
e Exposure of subgingival caries 
e Exposure of fractures 


However, Crown lengthening is often underutilized 
due to, 


@ Post-and-core restorations (Risks root fracture) 


@ Subgingival margin placement — (Risks violating 
biologic width) 


The failures out of these procedures complicate treatment, 
raise expenses and cause further patient frustration. 


Contraindications: 


@ Systemic factors which do not allow surgery to be 
carried out. 


@ Teeth with minimal bone support. 
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Periodontally hopeless teeth. 
Non-restorable teeth. 


Endodontically unstable teeth. 
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Teeth that may require excessive bone removal on 
contiguous teeth. eg., Deep caries or deep fracture. 


@ Teeth with short root trunks. 
@ Teeth with inadequate root length. 
Rationale and Planning: 


Before a decision is made for restoration of teeth with 
subgingival caries or fracture below gingival margin, the 
prognosis of saving such teeth should be re-evaluated with 
caution. 


The parameters to be considered include bone loss 
percentage, probing depth, furcation involvements, 
mobility, and crown: root ratio, pulpal involvement, and 
strategic value. Crown lengthening procedure can be 
recommended only if the prognosis is favourable. 


Most authors suggest a minimum distance of 3mm from 
the final restorative margin to the alveolar crest, to get a 
supragingival margin. This includes Imm for supra-crestal 
connective tissue attachment, | mm for junctional epithelium 
and Imm for sulcus depth. This 3mm also approximates to 
2.04mm biologic width proposed by Gargiulo et al. 


Wagenberg et al suggested that at least 5 to 5.25 mm of 
hard tooth substance above the bone margins/ alveolar 
crest is necessary for teeth requiring post and core. It is 
needed to establish the biologic width and achieve ferrule 
effect. They also advocated 8-12 weeks of waiting period 
before final prosthodontic treatment. 


Ghahroudi et al reported at least 3.5mm clearance is 
needed to avoid violation of biologic width. 


Others also suggest 5mm clearance to allow individual 
variations in biological width and prevent the clinician from 
removing too little bone, as under-reduction has been 
reported by Herrero et al. Minimal osseous reduction 
can lead to reduced gain in clinical crown post-treatment. 
Additional 0.5mm of bone could be removed as a safety 
zone. 


The surgeon should discuss the final treatment plan with the 
restorative dentist,so that osseous reduction can be planned 
accordingly. For amalgam or composite restorations, 4mm 
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is needed. For post-and-core restorations, at least 6mm of 
exposed tooth surface is needed above the alveolar crest. 
This accounts for 4mm from alveolar crest and |.5mm 
ferrule length. 





Fig. 63.10 Pre-Operative 





Fig. 63.10 Indications for Apically positioned flap with 
bone recontouring-Crown lengthening. 


Pre-operative view 





Fig: | -Intra-Operative 





Fig: 2-week post-operative 





Fig 63.11 Crown lengthening with Gingivectomy Fig. 63.12 Crown lengthening with internal bevel 
(External bevel gingivectomy) incision (courtesy Dr.Neha) 
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Apically positioned flap with bone 
recontouring: 


It is often necessary to remove the supporting bone from 
around a tooth to achieve adequate distance between the 
alveolar crest and restoration margins. If the post-operative 
width of gingiva is less than 3mm, then apically positioned 
flap should be planned. 


Garber et al stated that “The tissue is the issue, but the 
bone sets the tone.’ It should be considered occluso- 
apical dimension, mesio distal dimension and buccolingual 
dimension. Ostectomy refers to removal of supporting 
bone and osteoplasty refers to removal of non-supporting 
bone. 


Osseous reduction can compromise periodontal support 
and damage neighbouring teeth. It may lead to furcation 
involvement and poor crown: root ratio. After establishing 
prognosis, flap surgery can be done before or after post 
and core or core build-up with initial crown preparation. 


It is contraindicated for crown lengthening of a single tooth 
in aesthetic zone. It is indicated for crown lengthening of 
multiple teeth in a quadrant or sextant of dentition. 


The steps include, 


¢ Internal bevel incision or Reverse bevel incision is 
used to raise a flap. This initial incision should mimic 
the contours of ideal scallop of the buccal bone. 


a. If gingival width is narrow, intra-sulcular incisions 
can be used. 


b. Care should be taken to preserve at least 3mm 
of keratinized tissue between the incision and the 
mucogingival junction. 


c. Adjacent teeth on either side are included to 
attain proper gingival and bone contour. 


d. Bevelled vertical releasing incisions are made to 
allow better access and apical positioning of the 
flap. 


e. Full thickness mucoperiosteal flap is elevated 
except for the apical few millimetres of the 
buccal flap which is elevated as a split thickness 
flap. This apical retention of periosteum will aid in 
the apical positioning of the flap and suturing in 
the new position. 
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f. Palatally, a scalloped subsulcular incision is placed 
anticipating the final position. The palatal flap is 
thinned so that it conforms with the osseous 
contours on suturing. 


g. A distal wedge procedure is performed if in 
case the last tooth to be crown lengthened is 
the terminal tooth. 


@ Osseous contouring if necessary. 


a. It is done with rotary handpiece, chisels, and 
curettes or piezo-electric cutting device. 


b. It should follow the desired contour of overlying 
gingiva 

c. End-cutting burs can be used to remove bone 
with minimal damage to root surface. 


@ Place resorbable internal vertical mattress sutures. 
[Interrupted sutures work well with mucoperiosteal 
flaps. | 


@ Remove the sutures after a week. 


@ Periapical Radiographs are needed to ensure sufficient 
root length is available. 


@ Allow 3 months for thick gingival biotypes and 6 
months for thin gingival biotypes for the bone and 
soft tissue to stabilize. 


After surgery, a provisional restoration should be 
readapted. Bragger et al reported that probing depths 
did not change after 6 weeks of healing. It should be 
remembered that bone resorption usually follows osseous 
resective surgery. Additional 0.6-0.8mm of resorption 
occurs up to | year following surgery. 


Most authors quote a period of | to 3 months or up to 6 
months of waiting for ensuring stability after surgical crown 
lengthening, to begin final restoration. The completion of 
remodeling after surgical crown lengthening procedures 
may require at least 6 months. 


Forced tooth eruption: 


Other option for crown lengthening is orthodontic 
extrusion with or without surgery/supracrestal fibrotomy. 


lt requires fixed orthodontic appliance, an activation 
period of 4-6 weeks and 6-8 week retention period for 
the tooth to be stabilized in the new position. The tooth 
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must be extruded to a distant equal or slightly longer than 
the sound tooth structure that will be exposed by future 
surgery. After extrusion, surgical crown lengthening may 
be needed to remove the gingiva and bone that follows 
the tooth in its coronal path. For aesthetic reasons, the 
bone and soft tissue levels of adjacent teeth should remain 
unaltered. 


A malpositioned tooth or tooth with sustained recession 
is erupted to level of normally positioned teeth. The crown 
to root ratio could be improved when compared to flap 
surgery with osseous reduction, where gingival margins of 
unaffected normal teeth are moved apically to the level of 
receded or malposed tooth. 


The rationale is that it stretches the gingival and periodontal 
fibres producing a coronal shift in gingiva and bone. The 
supracrestal fibres and periodontal ligament adapts to 
tooth movement by alveolar bone growth and plays an 
active role in shortening the extended fibres. 


Indications: 
Failure to consider orthodontic extrusion can lead to 


@ Poor cosmetic outcome in anterior teeth — gingival 
recession 


@ Poorer crown: root ratio 
@ Loss of bone support on adjacent teeth. 


@ For treating isolated teeth as it minimizes gingival 
recession and loss of bone support on adjacent 
teeth 


@ For teeth with horizontal fractures below the gingival 
attachment or alveolar crest. 


@ Used to reduce pocket depth at sites with angular 
bone defects. 


@ Used to level and align gingival margins and crowns of 
teeth to get aesthetic harmony. 


Forced tooth eruption with fibrotomy: 


If fibrotomy is performed during forced tooth eruption, 
the gingival margin, and alveolar crest are maintained in 
their pre-treatment position, and gingiva-tooth interface of 
adjacent teeth remains unchanged. 


It requires fixed orthodontic therapy and fibrotomy is 
performed with a scalpel at 7-I0 days intervals to sever 
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the supracrestal connective tissue fibers and prevent the 
crestal bone from migrating in coronal direction. 


It is done for crown lengthening in sites where gingival 
margin of adjacent teeth should be maintained. 


lt is contraindicated for teeth with angular bony defects 
and ectopically erupting tooth. 


Factors responsible for maintenance of gain in crown height 
after surgical crown lengthening include the following: 


@ Individual patient healing characteristics. 
@ Reformation of biologic width. 


@ Adequacy of positive osseous architecture created 
during surgery. 


@ Timing of restorations. 
@ Post-operative plaque control. 
Clinical reviews: 


VanderVelden observed coronal regrowth of interproximal 
gingival tissue after surgical crown lengthening. He reported 
that this coronal regrowth occurred during 6-12 months 
of healing and remained unchanged during 5-7 years of 
maintenance. 


Bragger et al reported a minimal change in levels of gingival 
margins after surgery till the end of their study. 


Other clinical studies have studied positional changes of 
free gingival margins immediately after surgery and during 
healing but have not focused on biologic width. 


Few histological studies on animal models showed 
postoperative crestal resorption after denudation. The 
connective tissue attachment was re-established with 
scaling and root planing. However, these results were not 
confirmedwith human clinical trials. 


Lanning et al reported that biologic width of treated sites 
was re-established to its vertical dimension in 6 months. 
A consistent 3mm gain was observed at 3rd and 6th week 
examination. 


Oakley et al and Carnevale et al reported bone resorption 
following crown lengthening provides supracrestal tooth 
structure for connective tissue attachment, leading to 
reestablishment of biologic width. Irrespective of the 
surgical procedure for crown lengthening, the biologic 
width would be re-established in treated sites after [2 
weeks. 


(iy 


Cc Inter-disciplinary relations 


Section - X 


Some clinical studies have reported changes in position of Principal references and suggested further 
free gingival margin, attachment and bone levels whereas reading: 


others reported stability after crown lengthening. Caton 
et al reported a reduction in the distance between the 
gingival margin and apical extent of junctional epithelium 
after surgery. 


Kiran et al reported that biologic width was significantly 
smaller after ostectomy than gingivectomy, on post-surgical 
assessment. They also showed that a tendency for growth 
in coronal direction was evident after gingivectomy and 
not present after flap surgery with ostectomy. 


Lindhe and Nymann proposed that during active 
periodontal treatment, the gingival margin shifted in apical 
direction. This displacement was compensated by coronal 
regrowth during post-operative maintenance period. This 
coronal displacement was influenced by the tissue biotype. 
Patients with thick tissue biotype showed more coronal 
soft tissue regrowth than thin tissue biotype. 


Oakley et al reported in their histometric analysis that 
after crown lengthening, biologic width was re-established. 
The junctional epithelium was established at the apical 
extent of root planing. Space for supracrestal connective 
tissue attachment was created by crestal resorption of 
alveolar bone. This contradicts the view that supracrestal 
connective tissue attachment would reform coronal to the 
apical extent of root planing, and this greater exposure of 
tooth structure would be needed during surgery. 


Conclusion: 


Periodontal health is dependent on the integrity of the 
restoration given. A minimum of 3mm space is needed 
between restorative margin and alveolar crest to allow 
2mm for biologic width and Imm for sulcus depth. 


Overhanging restorations and open inter-proximal contacts 
should be removed during disease control phase of therapy. 
lt is preferable to place supragingival margins. If subgingival 
margins are indicated, then crown-lengthening should be 
performed either surgically or orthodontically to provide 
adequate biologic width. 
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Chapter Outline: 


¢ Introduction and Historical Review 

¢ Definitions and Terminology 

¢ History 

¢ Desirable properties of dental implants: 

¢ Advantages 

¢ Advantages of implants over dentures or bridge 
¢ Disadvantages/ Roadblocks 


¢ Indications 


Dental implants are the fastest developing technology 
in dentistry today. All facets of the dental profession are 
interested in this modern treatment modality. 


Implants are used to provide attachment anchorage 
for artificial teeth. This feature of anchoring provides an 
alleviation of patient’s fears about the removable dental 
prosthesis and helps to establish the aesthetic and social 
value of their smile line. 


DEFINITIONS AND TERMINOLOGY: 


Implantology: A term historically conceived as the study 
or science of placing and restoring dental implants.(The 
Glossary of Prosthodontic Terms) 


Oral Implant is a prosthetic device of alloplastic material 
that is surgically placed into the oral tissue beneath 
the mucosal or periosteal layer or within the bone for 
functional, therapeutic, or esthetic purposes. — (Glossary 
of Periodontal terms, 2001) 
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¢ Contraindications 

e Absolute contraindications 

¢ Relative contraindications 

¢ Implant vs. treated natural teeth 
e Review Questions 

e Short notes 


¢ Principal references and suggested further 
reading 


Implant dentistry: the selection, planning, development, 
placement, and maintenance of restoration(s) using dental 
implants. (The Glossary of Prosthodontic Terms) 


History: 


The concept of dental implants has been claimed to be 
around since antiquity. Archeological evidence reveals that 
Egyptians implanted precious stones and metals into jaw 
bone where teeth were lost.Various materials have been 
used in early civilizations such as metals like gold, silver, 
bronze, wrought iron. Others include pearl, stone, sea shell 
and even bamboo. 


lrish reported excavations at Egypt from Final Neolithic 
period-5,500 years ago yielded a life-sized shell carving of a 
human tooth which intended to be a dental implant. 


Atilla reported the discovery of a stone implant from 
limestone sarcophagus in Kabalak Necropolis, near 
Izmir, Turkey dating back to mid-6th century BC. 
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Wilson Popenoe discovered a skull with an artificial tooth 
carved from a dark stone dating back to 600 AD. 


Falchi discovered the prosthesis of gold dental plate with a 
set of 12 sockets purposed to hold teeth dating from after 
1700 AD (also called golden age of dental prosthesis). 


Becker reviewed the various claims of discovery of dental 
implant use in ancient dentistry and concluded that the 
claims were spurious that could not be confirmed or were 
artifacts in the dental sockets. He suggested that these 
ancient implants were the product of the imaginations of 
20th-century archaeologists and looking at the past through 
the lens of the present. 


936-I013- Abulcasis, an Arab surgeon, described 
transplantation procedures. He attempted to use ox bone 
to replace missing teeth. 


|809 — Maggalio placed a single stage gold implant. It marks 
the beginning of true endosseous oral implantology. 


1913 — Greenfield came up with the surgical method to 
prepare osteotomy in the healed bone using trephine and 
emphasized the importance of intimate contact between 
bone and implant. He also showed that hollow implants 
facilitated growth of bone into implant body and secured 
the implant in position. 


|937—Adams developed a submergible threaded, cylindrical 
implant with round bottom, smooth gingival collar and a 
healing cap which is very similar to present day design. 


1978 — Per-Ingvar Branemark — from University of 
Goteborg, Sweden, was initially working with spherical 
implants in creating artificial middle ears. He discovered 
an intimate implant to bone opposition with titanium that 
offered sufficient strength to cope with load transfer. He 
also noticed that there was no inflammatory reaction to 
titanium. He called this phenomenon as ‘osseointegration. 


1982 — Branemark presented successful follow-up studies 
on edentulous jaws at NIH — first dental implant consensus 
conference at Toronto in 1978. This organised work 
became a science further on. 


Early 1980’s-The Calcitek Corporation started making a 
synthetic polycrystalline ceramic hydroxylapatite called 
calcitite. 


1988 — Era of imaging dentistry 
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Matt Anderson emphasized the prosthetic importance. 
He shifted the importance from osseointegration to 
osseointegrated restorations.(Implant without restorations 
are sleeping implants) 


2000 — Concept of immediate loading. 


Desirable properties of dental implants: 


@ It should be sterilizable. 
@ Compatibility: 


<> Biological compatibility/Biocompatibility: It should 
be biologically compatible and integrate with the 
adjacent bone. 


e It should be nontoxic, non-allergenic and 
non-carcinogenic. 


e It should not produce 
inflammatory response, 


foreign-body 


e It should not support the growth of 
microorganisms. 


<> Mechanical compatibility: 


e |t should 
deformation. 


resist to stress, strain and 


e It should be resistant to corrosion 


e It should have low thermal and electrical 
conductivity. 


<> Morphological Compatibility: The surface 
topography should have a positive effect on the 
stability of the implant tissue interface. 


<> MRI and image compatibility. 
Advantages: 


@ Dental implants can bond biologically to the living 
bone tissue. 


¢ Dental implants prevent progressive bone atrophy and 
shrinkage. Thus, they maintain level of bone — (osteo- 
stimulation). They help to preserve bone levels and a 
youthful facial appearance. 


@ They restore function and aesthetics to normal 
levels. 


@ They help occlusal 


awareness. 


regain proprioception or 
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¢ They increase the stability of restorations. Contraindications: 


Advantages of implants over dentures or 
bridge 


Absolute contraindications: 
Acute illness. 


¢ Aesthetics - Since dental implants integrate into = Psychologic and mental conditions like Psychiatric 


the structure of bone, they prevent bone loss and 
gingival recession that often accompany bridge 
work and dentures. 


Conservation of teeth - Implants do not sacrifice 
the quality of adjacent teeth like a bridge. The 
neighbouring teeth are not altered to support the 
implant. 


Patient Confidence - Dental Implants allow the 
patient to speak and eat once again with comfort 
and confidence. They are secure and offer freedom 
from the irksome clicks and wobbles of dentures. 


Reliability - The success rate of dental implants 
is highly predictable. They are considered an 


4 
4 


4 


syndromes (Schizophrenia, paranoia), mental 
instability (e.g. neurosis, hysteria), mentally impaired 
(uncooperative), irrational fears & unrealistic 
expectations 

Intravenous bisphosphonate therapy 


Substance abuse(e.g. alcohol, drugs) 


Relative contraindications 


Uncontrolled Diabetes Mellitus: 

In diabetic patients with good metabolic control 
(serum glycemic level and HbA Ic in the normal 
range), dental implant therapy is successful. The 
implant survival rates are similar to that of patients 


excellent option for tooth replacement. without diabetes.(Javed &Romanos) 


Disadvantages/ Roadblocks @ Carenicsterela neta 


@ Immune compromise and immune suppression 
A systematic review by Ata-Ali et al suggests that the 
prognosis of dental implant placement in HIV-positive 
patients is similar to that of HIV-negative individuals. 
Especially under prophylactic antibiotic treatment, the 
administration of highly active antiretroviral therapy, 
and control of the CD4+ T lymphocyte counts. 


@ Limited awareness among the general population. 
@ Expensive. 
@ Requires surgery. 


@ Requires a learning curve and enhancement of 
operator's skills to ensure success. 


Indications: 
ndications @ Radiation therapy 


@ Patients with partially and fully edentulous arches. 
P y @ Smoking and alcohol abuse. 


@ Patients who are unable to wear removable dentures 
and have adequate bone for the placement of 
implant. 


@ Presence of untreated or unsuccessfully treated 
periodontal disease. 


. . . 7 Parafunctional habits. 
@ Patients with maxillofacial deformities. 


Presnancy. 
Patient selection: § 7 


¢ Good general health. Patients who have not completed growth period. 


e¢- © © @ 


. i, Bone metabolic diseases like osteoporosis. 
@ Good oral hygiene & patient motivation. 


Giro et al reviewed the failure rates and percentage 
of osseointegration of dental implants in healthy and 
osteoporotic subjects. They found that the definitive 
conclusions regarding the impact of osteoporosis on 
dental implant therapy cannot be made at this time 
as the available evidence is weak. They suggested that 


@ Patient should be emotionally stable, cooperative 
and willing to keep the appointments required for 
completion of treatment and maintenance. 
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clinically osteoporotic subjects can receive dental 
implant therapy. 


Implant vs. treated natural teeth: 


The common opinion that long-term outcome of implant 


restorations is superior to that of natural teeth is untrue. 


In a study, Hannahan and Eleazer demonstrated that 
the success of implant and endodontically treated teeth 
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was essentially identical, but implants required more 
postoperative treatments to maintain them. Setzer and 
Kim noted that there is no lifetime guarantee for either 
a natural tooth or an implant. It has also been repeatedly 
demonstrated that natural teeth with reduced periodontal 
support treated successfully for periodontitis can function 
about 90% for long-term as abutments carrying fixed 
prostheses. 


Table 64.1 Survival of Dental Implants and Endodontic Treated Teeth 


Morris and Ochi, 


2000 ieee 


Survival of dental implants 


Survival of endodontic 


treated tooth 89.7% 


Alley et al., 2004 


Review Questions: 


Short notes: 


|. What are the desirable properties of dental 
implants? 


2. Enumerate the indications and contraindications for 
dental implants? 


Principal references and suggested further 
reading: 
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Chapter Outline: 


¢ Classification of Dental Implants 
— Based on penetration into the tissues 
— Based on Macroscopic Body Design of the Implant 


— Based on implant design or number of surgeries 
required 


— Based on the surface of the implant 

— Implant surface characteristics 

— Implant surface texture and roughness 
— Implant surface chemical composition 
— Implant surface energy and charge 


The extensive variety of implants available can be classified 
in a number of ways. Few such classifications are briefly 
explained as follows: 


Based on penetration into the tissues: 


Mucosal implants-Palatal inserts: 


They are also known as intramucosal inserts, implant 
buttons or denture enhancing units. It is a non-reactive 
metal/ acrylic appliance affixed to the tissue surface of the 
denture. It enhances retentive qualities of the denture. It 
has a base, cervix and head. 
Sub periosteal implants: 


They comprise an open mesh framework designed to fit 
over the surface of the bone beneath the periosteum. 


Transosteal implants: 


They pass through the bone. It is generally used in cases of 
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— Based on the implant-abutment interface of the 
implant 
— Based on the implant materials used 
— Based on the type of biologic response 
— Based on the material used for implant production 
— Based on the length of Implants 
— Based on the width of the implant 
e Review Questions 
— Essay Questions 
— Short notes 
¢ Principal references and suggested further reading 


severe ridge resorption. Examples include Trans-mandibular 
implants. 


Endosteal implants: 


They are single implant units that are placed into the 
dentoalveolar and or basal bone and that protrudes through 
the mucoperiosteum to bear prosthesis. They are the most 
commonly used dental implants. 


Blade implants: 


These were introduced by Linkow and were clinically used 
in 1960-70’s. The mucoperiosteal flap is elevated and the 
implant is inserted into the jawbone. They were tapped 
in place in a narrow trench made with a rotary bur. One 
or severalposts pierces through the mucoperiosteum 
after suturing of the flaps. After a few weeks of healing, 
a fixed prosthesis was fabricated by a classic method and 
cemented on top of it. They can used in atrophic ridges at 
times avoiding bone regeneration. 
vy 
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Pins: 

In the classic technique, three diverging pins are inserted. 
It is done eitherby a trans-gingival approach or reflecting 
a mucoperiosteal flap through holes prepared with spiral 
drills. They are connected with cement at the junction of 
3 pins to achieve stability. A single tooth replacement is 
placed over this setup. It is presently not in use. 


Disk implants: 


It is seldom used today. This concept was proposed by 
Scortecci. A pin with a disk on its head is inserted laterally 
into the jawbone. After insertion into the bone, this 
implant had a good retention against extraction forces. 


Root form: 
It consists of cylindrical implants. 
@ Hollow type 
Full type 
Endodontic implant/endodontic stabilizers: 


They are implants extending through the root canal into the 
periapical bone. They aid in retention and increase support. 
They have good prognosis but are not commonly used. 


Based on Macroscopic Body Design of the 
Implant: 


a. Cylindrical. (Hollow; Straumann -ITI, full; Kirsch- 
IMZ): They are either pushed or gently knocked into 
place. 


b. Screw-shaped (tapered) implants: They are either 
self-tapped into the prepared dental implant siteor 
inserted following tapping of the bone with a screw 
tap. 


c. Blade form (Linkow) 
d. Pins. 


e. Endodontic stabilizers. 


Based on implant design or number of 
surgeries required: 


a. Submerged / Two-stage implant 
b. Non-submerged / one stage 
Submerged /Two stages: 


The implant is placed in two steps. Initially, an implant is 
placed within the bone and covered by the mucoperiosteal 
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flap. After allowing a period of three to six months for 
osseointegration, the implant is exposed to the oral cavity 
for abutment placement. 





Fig. 65.1 Implant fixture 
Non-submerged / One-stage implant: 
The implant has a collar that extends through the tissues. 


There is no need for a second surgery. 








Fig. 65.2 Single piece Implant 


Based on the surface of the implant: 


a. Smooth surface 


b. Machined surface 
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c. Textured surface 


d. Coated surface 
Implant surface characteristics: 


It refers to the micro-design or the micro-topography of the 
implant surface. This has been shown to positively influence 
the healing process by adsorption of vital biomolecules which 
promote cellular migration and attachment. 


Surface characteristics also aid in retention of clot and providing 
a migratory pathway for differentiating osteogenic cells to reach 
the implant surface and hence it is one of the key factors for 
successful osseointegration. 


There can be modifications in 


@ Topographic properties such as implant surface 
texture & roughness 


@ Physical properties such as implant surface energy 
and charge 


@ Physiochemical properties such as implant surface 
chemical composition. 


IMPLANT SURFACE ROUGHNESS AND DENTAL PLAQUE 


(Teughels et al) 





Higher surface Roughness/ 
Greater surface free energy 






Facilitate biofilm formation 
/ Increased plaque 
accumulation 


Fig 65.3 Implant surface roughness and dental 
plaque (Teughels et al) 


Implant surface texture and roughness : 


It is achieved primarily by two main processes 
@ Additive processes 
@ Subtraction processes 

Additive processes 


Additive process modifies the microstructure and chemical 
nature of the implant surface by adding materials or 
chemicals to the existing surface such as 


@ Inorganic mineral coatings: | Hydroxyapatite 
coatings, Plasma sprayed hydroxyapatite coatings, a 
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combination of Hydroxyapatite a and §-tricalcium 
phosphate (Bonelike®) are the various inorganic 
mineral coatings. 


@ Plasma spraying with different powder particles like 
titanium oxide, calcium phosphate, hydroxyapatite. 
The disadvantages of this technique include, 


<> Loss of adhesion between the coating and the 
substrate material on the long term. 


<> Thickness of the deposited layer is not uniform. 
<> The coating is not identical in composition. 
@ Bio-coating with growth factors 


@ Fluoride: On treatment with fluoride solution 
Titanium forms soluble TiF4 species. It creates surface 
roughness and fluoride incorporation favorable to 
the osseointegration of dental implants 


@ Addition of material such as hydroxyapatite, calcium 
phosphates, sulphates or carbonates and laminin-| 
has all been used. 


@ Anodization: It is an electrochemical addition of a 
titanium oxide layer. It roughens the implant surface. 


@ Doped surface. 
@ Nanosized hydroxyapatite-coated surfaces. 


Note: Osteogenic coatings -placement of a thin film of 
organic and inorganic osteoinductive and osteoproliferative 
materials on implant surfaces.(Ghanem et al) 


@ Rationale: Augment bone-to-implant contact (BIC) in 
osteoporotic bone. 


@ Experimental studies have shown that osteogenic 
coatings are effective in enhancing BlC,However 
their clinical relevance requires further investigations. 
(Ghanem et al) 


Subtraction processes 


Subtraction processes modifies the microstructure and 
chemical nature of the implant surface by removing or 
altering the existing surfaces. This is achieved by 


@ Machining: e.g., Laser micro-machining technique. 


@ Etching: Etching with strong acids. e.g. Sulfuric 
acid and hydrochloric acid. 


@ Etching and anodization. 
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@ Blasting (Grit blasting, Sand blasting): Surface 
roughness depends on the particle used. 


@ Combination of these processes 
Implant surface chemical composition: 


It is important for adsorption of proteins and attachment 
of cells onto the implant surface. 


Dental implants are generally made of commercially pure 
titanium or titanium alloys. 


The degrees of purity are graded from | to 4 which is 
characterized by oxygen, carbon and iron content. Most 
dental implants are made from grade 4 cpTi as it is stronger 
than other grades. The surface chemical composition of 
titanium implants also affects the hydrophilicity of the 
surface. Highly hydrophilic surfaces seem more desirable 
than hydrophobic ones given their interactions with 
biological fluids, cells and tissues. 


Titanium is highly reactive metal and forms titanium 
dioxide on its surface within seconds and grows over years 
when it faces biological fluids. Titanium oxides have higher 
di-electric constants than other metal oxides and tend to 
adsorb biomolecules from blood during implant insertion. 
Initial attraction is by weak Vander Waals forces. However, 
due to high dielectric constant and high polarizability of 
the molecules after adsorption, it will lead to high bond 
strength which becomes irreversible after 30kcal/mol. 


Implant surface energy and charge: 


The free surface energy called wettability is an important 
parameter for the initial interactions which is responsible 
for the formation of a pellicle layer. 


The surface wettability of implants determines the biological 
cascade of events at the implant/host interface. 


Sessile drop technique measures the wetting characteristics 
of a known solid material. A drop of the chosen wetting 
liquid is placed on the specimen surface. The angle formed 
between the tangent of the drop at the solid or liquid or 
gas three-phase boundaryand the horizontal baseline of 
the solid surface is recorded. This contact angle (CA or h) 
gives the wettability of the chosen liquid. 


If water is used as the wetting agent, CA denotes the 
hydrophilic nature of the metal surface. If CA varies from 
0 to 180, it denotes the spreading of the drop when the 
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liquid is drawn near the surface or beading of the drop if 
repelled. 


The surface energy characteristics may be altered by 


addition of Fibronectin and grooves. 


Based on the implant-abutment interface of 
the implant: 


a. External hex 
b. Internal hex 


The characteristic variation is in the coronal surface of the 
implant. The two types can be distinguished by the presence 
or absence of this geometric feature on the interface. This 
geometry is further described as, 


octagonal. 
hexagonal. 
cone screw. 
cone hex. 
cylinder hex. 
spline. 

cam. 


cam tube, and 


¢--fethUh HOH OHmhU OH hoe oH SH 


Pin/slot. 
The connection can be categorized as, 


¢ A slip-fit joint - a slight space exists between the 
mating parts, and a passive connection 


¢ A friction-fit joint -no space exists between the 
mating components and the parts are accurately 
forced together. 


@ The joining surfaces are further characterized as 
being 

@ A butt joint with contact between 2 right-angle flat 
surfaces 


@ A bevel joint with angled surfaces - either internally 
or externally 


The joined surfaces may also incorporate a rotational 
resistance, indexing feature or lateral stabilizing geometry. 
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Fig 65.4 : Parts of dental implant 


Based on the implant materials used: 


The materials used for fabrication of dental implants can 


be divided in two ways: 
Based on chemical point of view; they are of three main 
groups 
a. Metallic implants: Titanium, stainless steel, chromium 
cobalt. 
b. Ceramics. 
c. Polymers. 


d. Miscellaneous: Carbon compound 


Table 65.1: Classification of dental implant materials 


Biodynamic 





activity Metals 
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However, a large proportion of them have surface 
modifications which are discussed under Implant surface 
characteristics. 


Based on the type of biologic response: 


It is based on the response created after implantation and 
the host tissue reaction in long-term to the implant. The 
three major types of biodynamic activity are, 


a. Biotolerant 

b. Bioinert 

c. Bioactive 
Biotolerant materials are those that are not necessarily 
rejected when implanted into living tissue, but are 
surrounded by a fibrous layer in the form of a capsule. 
(Sykaras et al) 


Bioinert materials allow close apposition of bone on their 
surface, leading to contact osteogenesis. (Sykaras et al) 


Bioactive materials also allow the formation’ of 
new bone onto their surface, but ion exchange with host 
tissue leads to the formation of a chemical bond 
along the interface (bonding osteogenesis). (Sykaras et 
al) 

Bioinert and bioactive materials are also 
called osteoconductive, meaning that they can act as 
scaffolds allowing bone growth on their surfaces. 
(Sykaras et al) 


Chemical composition 


Ceramics Polymers 


Polyethylene 

Polyamide 
Polymethylmethacrylate 
Polytetrafluroethylene 


Polyurethane 


Aluminium oxide 
Zirconium oxide 
Poly-ether-ether-ketone 


Hydroxyapatite 
Tricalcium phosphate 
Tetracalcium phosphate 


Biotolerant Gold 
Cobalt-chromium alloys 
Stainless steel 
Zirconium 
Niobium 
Tantalum 
7 Commercially pure titanium 
Bio-inert 
Titanium alloy (Ti-6Al-4V) 
Bioactive 


Calcium pyrophosphate 


Fluorapatite 
Brushite 
Carbon-silicon 


Bioglass 


Periodontics & Oral Implantology 


\ Implantology 


Many of the metals and alloys like gold, stainless steel, and 
cobalt-chromium are now obsolete within the oral implant 
industry due to lower long-term success and adverse 
reactions. Some of the recent studies have also questioned 
if titanium dioxide is bioinert. 


Based on the material used for implant 
production: 


Titanium: 


Commercially pure Titanium along with its alloys is widely 
used as dental implant material. Titanium is non-toxic and 
is corrosion resistant. It’s relatively low modulus, and 
good fatigue strength, machinability and formability also 
permit its use as a dental implant. 





Advantages Disadvantages: 


¢ Corrosion occurs 
pathophysiologically. 

e Allergic reactions-Type lV 
immune reactions. 

¢ Metallic/gray colour. 

¢ Heat conduction. 


e Scatters rays in the field of 
irradiation. 


¢ Non-toxicity. 

¢ High corrosion resistance. 

* Biocompatibility. 

¢ Repassivation. 

¢ Adequate mechanical properties 
¢ Good fatigue strength. 
¢ Formability, and machinability. 

¢ Greater market share. 


Fig. 65.5 Titanium as dental implant material 
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Titanium alloys: 


To the pure titanium traces of other elements such 
as nitrogen, carbon, hydrogen, and iron have also been 
added for stability or improvement of the mechanical and 
physicochemical properties. Iron is added for corrosion 
resistance and aluminium is added for increased strength 
and decreased density, while vanadium acts as an aluminium 
scavenger to prevent corrosion. The most common alloy 
include Titanium— 6 aluminium—4 vanadium (Ti-6Al-4V) 


Titanium alloys are mainly composed of Ti6Al4V (grade 
5 titanium alloy) with greater yield strength and fatigue 
properties than pure titanium. Titanium and its alloys 
(mainly Ti-6Al-4V) have become the metals of choice for 
endosseous parts of dental implants due to the following 
features: 


@ On exposure to air, an oxide layer forms almost 
instantaneously on the titanium surface. It reaches a 
thickness of 2 -|O0nm and provides resistance against 
corrosion. This feature is called passivation. 


¢ Titanium also interacts with the biologic fluids with 
this oxide layer. This is responsible for the excellent 
biocompatibility. 


@ It has low modulus of elasticity and tensile strength 
when compared to most other alloys. 


The metallic gray colour of the 
implants is visible at times in 
patients with thin gingival 
biotypes. 


recent years. 


¢The bioinertness of Titanium 
and its alloys is questioned in 


eThere are genuine concerns of 
titanium allergy. 


e Zirconia dental implants with 
better physical qualities have 
provided the practicioners and 
patients with newer options. 


«Released titanium ions and 
particles are cytotoxic. 

eTitanium oxide nanoparticles as 
well as other metals ions 
present as impurities can have 


cytotoxic effects. 


¢Corrosion or implantoplasty can 
increase the presence of metals 
and their ions. They stimulate 
activation of osteoclasts, 
release of proinflammatory 
cytokines and infiltration of 
inflammatory response cells. 


Fig. 65.6 Drawbacks of Titanium dental implants (Anderiotelli et al. & Noronha Oliveira et al.) 


(ey 
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Tantalum: 


In 1802 Anders Gustaf Ekeberg a Swedish chemist and 
mineralogist discovered Tantalum element. in 1802. 
Tantalum is a rare, hard, blue-gray, lustrous transition metal 
with high corrosion resistance. It belongs to the refractory 
metal group, which includes titanium, hafnium, niobium and 
rhenium. 


“Trabecular metal” or porous tantalum bears an 
interconnected porous structure, which is similar to 
human cancellous bone. It is comprised of approximately 
99% tantalum and |% impurities by weight. It optimizes 
the mechanical properties and reduces the high costs of 
purification and fabrication of tantalum. Hence as the porous 
tantalum has a similar structure and allows for the in growth 
of bone tissue it is recently used in implant dentistry. 


Ceramics: 


Ceramics are inorganic, non-metallic materials 
manufactured by compacting and sintering at elevated 
temperatures. These materials are bio-inert in nature or 
bioactive forming a cohesive chemical bond with bone. 
Widely used bioactive ceramics include Hydroxyapatite 
(Cal0 (PO4)6(OH) 2) (HA), tricalcium phosphate (Ca3 
(PO4)2),and bio-glasses 


High-strength ceramics from aluminium and zirconium 
oxides have been used. 


Zirconia: 


Zirconium is a metal with its name originating in Arabic 
“Zargun” which means golden in colour. Zirconia is 
zirconium oxide. It has been an upcoming bio-ceramic 
due to its wide range of properties such as inertness to 
biodegradation, high strength, and physical characteristics 
such as white colour, ability to transmit light, minimal 
thermal and electrical conductivity. 


It is indicated in aesthetic zones especially anterior 
restorations with thin gingival biotype as it presents a 
less noticeable transition compared to metal framework 
substructure. Ihe limitations include low fracture toughness 
or inherent brittleness 


Stabilized zirconia such asY ttria-stabilized Zirconia (Y—TZP) 
ceramics present excellent mechanical and tribological 
properties together with biocompatibility and are correctly 
regarded as a good choice for preparing dental implants. 
Hot isostatic press (HIP) used for preparing Zirconia dental 


Periodontics & Oral Implantology 





Classification of Dental Implants 


implants and newer techniques such as Powder 
injection molding (PIM), also called ceramic injection 
molding has lead to Zircona implants with better 
properties. 


A recent review by Hafezeqoran and Koodaryan 
showed that the direct bone to implant contact(BIC) 
was better for acid etched zirconia implants compared 
with those of titanium implants. Whereas Unmodified 
zirconia implants showed favorable BIC values compared 
to modified-surface zirconia implants 





Fig. 65.7 Zirconia implant 


Advantages Disadvantages 


e Lack of a scientific 
consensus. 


e Low temperature 
degradation 


e High Young modulus 
¢ Poor market share. 


¢ Tooth-like color. 

¢ Good mechanical 
properties. 

e Excellent Biocompatibility. 

¢ Low plaque affinity. 

¢ Metal free. 


Fig. 65.8 Zirconia-Dental implant material 


Polymers: 

A variety of polymers, including ultrahigh molecular 
weight polyurethane, polyamide fibres, poly methyl 
methacrylate resin, = polytetrafluoroethylene, = and 
polyurethane, are used as materials for dental implants. 
They had lower elastic moduli with magnitudes closer to 
soft tissues and hence were used to mimic the micro- 
movement of the periodontal ligament and possibly allow 
connection with natural teeth. 


However, due to other inferior mechanical properties such 
as low creep, low fatigue strength, absence of adhesion to 
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tissues and altered immunologic reactions limit their field 
of applications. 


Today, polymeric materials are generally limited to 
the manufacturing of shock-absorbing components 
incorporated into the supra-structures, as internal force 
distribution connectors for osseointegrated implants. 


Poly-ether-ether-ketone (PEEK): 
It is a promising high-performance polymer. 
@ It is a semi-crystalline thermoplastic polymer. 


@ It is bio-inert material and has no osteoconductive 
properties. 


@ It has a very good strength and stiffness. 


¢ It has = an and chemical 


resistance. 


outstanding thermal 


@ It is colorless. 


@ It has an elastic modulus similar to that of the human 
cortical bone. 


@ It uses in spinal surgery has shown it to have high 
biocompatibility with no evidence of cytotoxicity, 
mutagenicity, carcinogenicity, and immunogenicity. 
However, the results cannot be extrapolated to its 
use as dental implants. 


@ Its long-term osseointegration results are unknown. 
It is currently investigated in-vivo and in-vitro. 


@ Bioactive Nanoparticles such as Titanium oxide, 
Fluorohydroxyapatite and Hydroxyapatite particles 
can be combined with PEEK to produce bioactive 
peek nanocomposites which may have _ better 
osteoconductive properties. Bioactive PEEK 
nanocomposite implants and various other surface 
modifications of PEEk are currently studied in vitro. 


Newer biomaterials: 
Ni-free Ti-based BMG alloys: 


Glass—ceramics such as Wollastonite—cristobalite. They 
are polycrystalline materials with an inorganic—inorganic 
microstructure that are prepared from base glass by 
controlled crystallization. 
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Based on the length of Implants: 
Short Implants: 


Short implants (210 mm) have been proposed as an 
alternative choice for the prosthetic treatment of atrophic 
alveolar ridges.Close proximity to the maxillary sinus and 
mandibular canal is an ideal situation for placement of short 
implants. 





Presumed 
disadvantages: 


They provide an 

alternative for atrophic 

alveolar ridges. ¢ Reduced bone to Implant 
contact when compared to 
longer implants. 

¢ Poor bone density. 


* 7 Crown to Implant ratio. 


¢ Reduces surgical inteventions 
needed for augmentation. 

e Reduces treatment time. 

e Less expensive. 


e Associated with lesser 
morbidity. 


Fig. 65.9: Short dental implants 


Annibali et al showed that short implants have high 
survival rates [99.1% (95%Cl: 98.8-99.4)] and low 
incidence of biological and biomechanical complications 
reported after a mean follow-up period of 3.2 + I|.7 yrs. 
In a recent meta-analysis Monje et al concluded that the 
survival rate of short implants (less than |Omm) was not 
affected by the length or the width of the implant. A 
meta-analysis by Goncalves et al revealed the short 
implants to be a successful treatment option. However, 
Lemos et al cautioned the use of shorter than 8 mm 
implants in the posterior area as they present greater risk 
to failure than the standard implants. 


Based on the width of the implant: 


@ Narrow diameter Implants: diameters $3.75 mm 


@ Conventional diameter implants: diameters >3.75 
mm but less than 4.5 mm 


@ Wide diameter implants: >5 mm. 


@ In a systematic review, Javed & Romanos concluded 
that the long-term survival of implants in posterior 
maxilla was secondarily influenced by implant 
diameter. 
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Review Questions: 


Essay Questions: 


[. 
2. 


Define dental implant and classify dental implants. 


Write in detail about Implant surface characteristics. 


Short notes: 


3. 
4. 


Write a short note on Zircona dental implant 


What are Poly-ether-ether-ketone (PEEK). What are 
its possible applications in dental implantology. 


. What are the advantages and disadvantages of short 


dental implants. 


Principal references and suggested further 
reading: 
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Chapter Outline: 


Clinical evaluation of implant patient. 

— Chief Complaint. 

— Medical history. 

— Dental history. 

— Personal history. 

— Intraoral Examination. 

— Hard Tissue Evaluation. 

— Clinical examination of the jawbone. 
— Soft Tissue evaluation. 


An organized, systematic history and examination 
is essential to obtain an accurate diagnosis and creating a 
treatment plan that is appropriate for the patient. 


Clinical evaluation of implant patient: 


Chief Complaint: 


The patient's chief concern and_ desire 
for treatment should provide an accurate profile of 
how the patient’s quality of life is being affected by 
tooth loss. 


Medical History: 


Patient must be in reasonably good health to 
undergo surgical therapy for the placement of dental 
implants. 


Medical information can be extracted from a 
health questionnaire and specific questions based on the 
patient’s answers in the questionnaire should be asked to 
clarify their potential impact on treatment with dental 
implants. 
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— Diagnostic Study Models. 
— Radiographic Evaluation. 
— Treatment planning. 
— Formulating the treatment plan. 
— Measurement template. 
— Patient education. 
— Mainstream cases. 
Review Questions. 
— Short notes. 
Principal references and suggested further reading. 


A potential risk factor could be any disorder that might 
affect normal wound healing or metabolic activities in 
bone. It includes, 


= Cancer treatment with chemotherapeutic agents or 
radiation. 


e Irradiation to head & neck region especially 
maxilla & mandible. 


Schiegnitz et al, conducted a meta-analysis comparing the 
implant survival in irradiated and non-irradiated patients 
in the current literature of the years 2007—2013. The 
results showed a comparable implant survival rates 
among the irradiated and non-irradiated patients. The 
results showed a departure from the results from earlier 
review which may be due to advancement in implant 
treatment concepts over years. However, the authors 
pointed that the studies included were of poor quality 
and drawing definitive conclusions was not advisable. 
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The results showed a departure from the 
results from earlier review which may be due 
to advancement in implant treatment concepts 
over years. However, the authors pointed that 


the studies included were of poor quality and 
drawing definitive = conclusions was not 
advisable. 


Use of medications: 


e Use of bisphosphonates: Bisphosphonate- 
related osteonecrosis of jaws can ensue 
IN patients with a __ history 
bisphosphonate intake 
dentoalveolar —— surgical intervention. 


upon 


o Use of  anti-metabolic for 


management of arthritis. 


drugs 


= Compromised cardiovascular function. 

= Bleeding tendencies and other blood disorders. 
# Addiction to drugs or alcohol or smoking. 

"= Uncontrolled diabetes mellitus. 

=» Mucocutaneous diseases. 

= Psychoses. 


» Other conditions that might require antibiotic 
cover. 


Patients with these potential risk factors should have a 
comprehensive examination by consultants before 
implant therapy. 


Dental history: 


A comprehensive medical and dental history 
documentation is necessary for evaluation and proper 
planning of dental implant procedure. 


Past history with surgery and_ prosthetic 
replacements should be deliberated. Any incidents of 
trauma, surgical endodontics or infections that affect 
periodontal health should be recorded. All these factors 
can influence regeneration at the implant site. 


The causes of tooth loss, symptoms of 
periodontitis such as migration and increasing mobility of 
teeth, bleeding gums and difficulties in chewing have to be 
explored. 


The patient's comfort with regard to function and 
aesthetics and the subjective need for tooth replacement 
should be assessed. 
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Personal history: 


Literature reports that cigarette smoking is a risk 
factor causing failure of implants. (Bain & Moy 1993; 
Chuang et al. 2002; McDermott et al. 2003). Details 
about patient's smoking habits including quantity and 
exposure time should be assessed. 

Bain and Moy (1993) in their meta-analysis 
showed smokers to have more than double the odds of 
implant failure. They suggested a protocol to advise 
patients to cease smoking for a minimum of one week 
prior to and atleast eight weeks after implant surgery. 

Chrceanovic et al (2015) suggested that the 
insertion of dental implants in smokers affects the implant 
failure rates, the incidence of postoperative infections, as 
well as the marginal bone loss. Smoking is a factor that 
has the potential to negatively affect healing and the 
outcome of implant treatment. 

Alcoholism and poor oral hygiene should also be 
noted. The patient should be motivated to minimize such 
behaviours and the risks of such behaviours on dental 
implant therapy should be explained. 

Furthermore, testing for IL-| gene polymorphism 
is strongly recommended. 


Intraoral Examination: 

The condition of the oral hard and soft tissues 
should be evaluated. Level of oral hygiene, overall dental 
and periodontal health, occlusion, jaw relationship, 
temporomandibular joint condition, interarch spaces and 
ability to open the mouth wide should be assessed. Poor 
oral hygiene is associated with a higher rate of peri- 
implantitis. 


Hard Tissue Evaluation: 

It is important to assess the amount of residual 
bone at the edentulous site. It should be correlated with 
regional anatomy by clinical examination and radiological 
investigations. 


Clinical examination of the jawbone: 

It consists of palpation to feel for anatomic defects 
and variations in the jaw anatomy, such as concavities and 
undercuts. Intraoral bone mapping can be performed 
under local anaesthesia to evaluate the soft tissue 
thickness and proportion of bone at the proposed 
implant site. 
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Soft Tissue Evaluation: 


The location, amount and quality of soft tissue 
should be assessed at the proposed site. It will give an 
idea about the future proportion of keratinized/non- 
keratinized mucosa that might surround the implants after 
placement. 


For some cases, depending on the clinician's view 
of keratinized tissue, evaluation may reveal a need for soft 
tissue augmentation. Sites with minimal or non-existent 
keratinized mucosa should be enhanced with grafts 
(gingival or connective tissue types). 


Mucogingival parameters like frenal attachments or 
muscle pulls should be assessed. 


Limited quality patient-oriented evidence suggests 
risk ratio of implant failure rates among people with 
generalized aggressive periodontitis is significantly higher 
than healthy patients. (Monje et al.) 


Al-Zahrani in a systemic review studied the 
success of dental implants in patients with history of 
aggressive periodontitis. They demonstrated that there 
was good short-term survival of dental implants in 
patients with a history of aggressive periodontitis. The 
findings also showed that bone loss occurred more often 
around implants in patients with history of aggressive 
periodontitis and that placement of implants should be 
done after the periodontal diseases are controlled. 


In a recent meta-analysis Sgolastra et al showed that an 
higher and significant risk for implant loss was present in 
patients affected with periodontal disease. The patients 
with periodontal disease were at risk for implant loss, 
peri-implantitis and increased implant bone loss compared 
with periodontally healthy individuals. These risks are 
higher in patients with aggressive periodontitis. 


Diagnostic Study Models: 


Study models are prepared and are mounted. They 
act as a replica of patient’s oral cavity. It serves as an 
excellent means of assessing potential sites for dental 
implants. 


It gives three-dimensional view and hence helps in the 
appropriate positioning of implant relative to the 
prosthesis. It is important in various steps of treatment 
planning. 
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Mounted diagnostic casts help in the 
" Evaluation of occlusion. 


" Evaluation of the amount of vertical and 
horizontal overlap and the restorative space available. 


Radiographic Evaluation: 


It is an important diagnostic tool. Radiographic 
assessment of the quantity, quality, and location of 
available alveolar bone in potential implant sites 
ultimately determines whether a patient is a candidate 
for implants and if a particular implant site needs bone 
augmentation. 


Appropriate radiographic procedures, including 
periapical radiographs, panoramic projections, and 
tomographic cross-sectional imaging, can help identify 
vital anatomic structures in relation to the proposed 
implant site. 


The dimensions of alveolar bone should be 
measured accurately and the prognosis of the implant 
site should be evaluated. This will facilitate restoration 
of the tooth/teeth in proper aesthetic and functional 
relationship with the adjacent and opposing dentition. 


Radiopaque markers can be used to symbolize 
the future contours of the restoration in relation to the 
available bone and remaining dentition. 


Objective: 
= Regardless of imaging technique used, the 
objectives are 


= Evaluation to exclude pathology. 
# Identification of underlying anatomic structures. 
= To assess bone quantity, quality, and volume. 


= To evaluate relation of the alveolar ridge with 
existing teeth and desired implant position. 


Two-dimensional radiographs, such as periapical 
and panoramic views, are valuable as_ screening 
modalities because they have high definition and result 
in low radiation exposure. Panoramic radiographs are 
best for initial surveying though they provide only a 
two-dimensional picture. In almost all implant cases, 
three-dimensional radiographs using a_ stent that 
localizes the ideal position of implants are necessary. 
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Conventional tomography provides useful images 
while requiring only a radiation dose similar to a full- 
mouth periapical series. However, both computed 
tomography (CT) and the newer cone-beam tomography 
(CBCT) offer more complete data and with the added 
benefit of software to manipulate images of implant 
placement. 


The advantages of CBCT in dental implantology are the 
following: 


=" It produces a highly detailed, distortion-free image. 


=» It helps in precisely locating vital structures and 
evaluating alveolar ridge topography. 


= It helps in measuring linear dimensions. 


» They can be used to fabricate CAD-CAM generated 
precise surgical stents. 


Treatment planning: 


Successful outcome of the implant is based on the 
definitive diagnosis and precise, customized treatment 
plan, which would be the best for the individual. It 
involves various steps. 


Formulating the treatment plan: 


This phase begins with an_ initial discussion 
between the surgeon and prosthodontist, periodontist, 
endodontist and orthodontist. 


= Preliminary procedures including operative and 
periodontal procedures should be completed. 


= If oral hygiene is poor, patient may need to make 
improvements and has to be evaluated over 6 to [2 
months’ period. 


=» In the course of this preparatory phase, some 
patients may be found to. be _ inappropriate 
candidates for implant reconstruction. Alternative 
methods such as fixed prosthesis, a removable 
partial denture or full dentures may be indicated. 


" A definitive treatment plan will be eventually 
formulated for most patients. 


Measurement template: 


After this either the surgeon or restorative dentist will 
fabricate a measurement template. This template can be 
made in several ways. 
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Typical options include fabricating an Omnivac 
suck down splint or an all acrylic splint made of room 
temperature- curing methyl methacrylate on the study 
cast. Onto this template, 5mm precision ball bearings are 
glued into position. If the patient has an _ existing 
prosthesis, red beading wax is placed inside the prosthetic 
appliance (as long as it not lined with metal or metal 
based) and the 5mm ball bearings are placed into the wax. 
This alternative serves as an expeditious preliminary 
screening procedure. 


Typically, one ball bearing in the area of single 
tooth construction. When multiple implants are to be 
used, the ball bearings are positioned mesial and distal to 
the span in which reconstruction is anticipated. A 
minimum of four ball bearings should be used in a full arch 
case. The template is then placed in the patient’s mouth 
and a preliminary radiographic image is obtained. The ball 
bearings on the radiographic film are measured and 
compared with the bearings actual size to determine the 
film’s distortion factor. 


In most cases, a panoramic film is sufficient for 
accurately planning the treatment. For totally edentulous 
and severely atrophic patients, a lateral cephalometric film 
with an occlusal image may be necessary to appreciate 
available horizontal and vertical bone in a cost effective 
way. If the safety margin relative to adjacent vital 
structures like maxillary sinus, inferior alveolar canal is in 
jeopardy, a CT scan with three-dimensional reformatted 
images may be indicated. 


CT scan with three-dimensional reformatted 
images can be reviewed on SIM/PLANT software which 
will determine bone quality and quantity in remarkably 
accurate detail. Based on a review of CT scan, definitive 
treatment plan like bone augmentation, etc. can be 
accurately determined. In a mandibular case, CT scan 
with SIM/Plant analysis can help to determine 
lateralization of the inferior alveolar nerve and establish 
the definitive treatment plan. 


Simultaneously it is necessary to create a 
diagnostic wax-up to determine spatial relationships (e.g. 
mesial, distal, buccal, lingual) as well as the alignment and 
parallelism of the implants to be placed, relative to the 
adjacent and opposing dentition. This is fabricated using 
base plate wax and discarded denture teeth. This 
diagnostic wax-up can be duplicated into a stone model. 
Later, a surgical template can be fabricated to assist the 
surgeon in achieving the proper alignment, parallelism and 
direction of implants. 
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Fig 66-1: Significance of Radiographic examination in dental implantology 


Patient education: 


The patient should be informed of the 
anticipated number of implants and whether an 
ancillary procedure such as sinus grafting is necessary. 
The patient should be aware of the amount of residual 
bone which will determine whether the sinus graft can 
be carried out as a prior procedure before implant 
placement or whether the two procedures can be 
performed simultaneously. 


If grafting is required, the type of graft and procedure 
has to be determined. Any other surgical procedures 
like transpositioning or repositioning of nerve should 
be outlined. 


A complete analysis should be performed to decide 
whether the procedures are going to be done under 
local anaesthesia or local anaesthesia with intravenous 
sedation or complete general anaesthesia. The benefit 
ratio of these 3 procedures should be compared. 


Post-operative instructions should be described in 
detail. The importance of continuing oral health care 
regimens with different types of brushes, use of dental 
floss and antibacterial rinses along with periodic 
evaluation should be reinforced. 


A complete informed consent in both written and oral 
formats should be obtained from the patient. 
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MAINSTREAM CASES: 


They are simple cases with a good rate of 
success. A beginner should always start with mainstream 
cases as they do not demand much expertise. The 
patient should possess the following in such cases. 


= Medical health status good. 


» Alveolar ridge; No extensive bone loss + healed 
socket. 


= Restorative status; Not more than 5 units. 


=» Least aesthetics demands. 


Review Questions: 


Short notes: 


|. What is the role of medical history in evaluation of 
a dental implant patient? 


2. Write a short note on the use of radiographs in 
dental implantology. 


Principal references and suggested further 
reading: 
= Alqutaibi AY, Algabri RS. Limited Evidence Suggests High 
Risk of Implant Failure Rates Among People With 
Generalized Aggressive Periodontitis. | Evid Based Dent 
Pract. 2015; 15(4):187-9. 
=» Al-Zahrani MS. Implant therapy in aggressive 
periodontitis patients: a systematic review and clinical 
implications. Quintessence Int. 2008; 39(3):21 1-5. 
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Chapter Outline: 


¢ Fibro-osseous integration 

¢ Osseointegration 

¢ Biointegration 

¢ Other definitions of osseointegration 
¢ Biology of healing around implants 

¢ Fibroplasia 

¢ Bone modelling 

¢ Implant bone interface 

¢ Events at Bone-Implant Interface 

¢ Key factors responsible for successful osseointegration 
¢ Surgical considerations 


¢ Anatomic considerations in placement of dental 
implants 


One of the three mechanisms that explain the 
relationship of the implant-bone interface are as follows: 


@ Fibro-osseous integration 


@ Osseointegration 


@ Biointegration 


Fibro-osseous integration: 


This concept was proposed by Charles Weiss in 1986. 
According to this concept, a layer of collagenous tissue 
is present between implant and bone which may act as 
an osteogenic membrane. This encapsulation was called 
‘Pseudo periodontium’.It leads to a connective tissue 
encapsulated implant in the bone. Such type of union was 
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¢ Quality and quantity of residual bone 
¢ Lekholm and Zarb classification (1985) 
¢ Bone density classification by Misch 


¢ Quantity of residual bone jaw Bone Anatomy 
Classification (Juodzbalys & Kubilius) 


¢ Methods of Evaluation of Osseointegration 


¢ Criteria for evaluation of dental implants: (Albrektson 
and Zarb G (1980)) 


¢ Scope of osseointegration 

e Review Questions 

¢ Essay Questions 

¢ Short notes 

¢ Principal references and suggested further reading 


common with early materials that elicited inflammatory 
response such as_ acrylates, carbon, non-precious 
metals and polymers. As this type of union was unable to 
withstand normal physiological load it soon lost its 
support. 


Osseointegration: 


It is defined as “a direct structural and _ functional 
connection between ordered, living bone and the 
surface of a load-carrying implant’.(Branemark P-I et al. 
1977) 


“A direct connection between living bone and a load-carrying 
endosseous implant at the light microscopic level.’-Branemark 


“Contact established without interposition of nonbone tissue 
between normal remodeled bone and an implant entailing a 
sustained transfer and distribution of load from the implant 
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to and within the bone tissue.” -American Academy of Implant 
Dentistry (1986) 


“The apparent direct attachment or connection of osseous tissue 
to an inert, alloplastic material without intervening connective 
tissue.’ - Glossary of prosthodontic terms. 8 


6¢é 


aq direct structural and __ functional — connection 
between organized, living bone and the surface of a load- 
bearing implant without intervening soft tissue between the 
implant and bone”.(Branemark) 


Osseointegration can be clinically definedas “the asymptomatic 
rigid fixation of an implant in bone with the ability to 
withstand occlusal forces”. (Zarb&Albrektsson) 


“a process whereby clinically asymptomatic rigid fixation of 
alloplastic materials is achieved and maintained in bone during 
functional loading”. (Zarb and Albrektsson!99 | ) 


This concept began in the 1950s with the experiments of 
Branemark that chambers made of the metal titanium could 
become permanently incorporated with bone. That is, the 
living bone could become so fused with the titanium oxide 
layer of the implant that the two could not be separated 
without fracture. This lead to the birth of the concept of 
osseointegerated dental implants. Branemark introduced 
the term “osseointegration” to describe this modality for 
stable fixation of titanium to bone tissue.Schroeder and his 
co-workers termed it as “functional ankylosis”. 


Biointegration: 


Biointegration is the ideal outcome expected of an artificial 
implant. It denotes a direct biochemical bond of the bone to 
the surface of an implant at the electron microscopic level 
and is independent of any mechanical interlocking system. 
This implies that the phenomena that occur at the interface 
between the implant and host tissues do not induce any 
deleterious effects such as chronic inflammatory response 
or formation of unusual tissues. 


Mechanism of osseointegration: 


Once the implant is installed into the bone by surgical 
procedure, a series of mechanical insults and injury occurs 
to both mucosa and bone. The host responds to this injury 
with inflammatory reaction and initiates wound healing. 
This process ultimately ensures that implant becomes 
osseointegrated or ankylosed with bone.At the soft tissue 
level, a delicate mucosal attachment is established and a 
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soft tissue seal formed that protects bone tissue from 
substances in the oral cavity. 


The healing of the bone following implant installation is a 
complex process that involves different events in the 
cortical and in the cancellous compartments of the 
surgical site. 


Cortical bone compartment: 


The surgical preparation is done in order to achieve a 
“press fit’, i.e. which means the inserted implant is slightly 
wider than the canal prepared in the host bone at the 
recipient site. In such situation,the mineralized bone 
tissue in the periphery of the implant is compressed, the 
blood vessels in the cortical portion of the canal are 
collapsed. The nutrition to this portion of the bone 
gets compromised and the affected tissues most often 
become non-vital. 


Hence during healing, the non-vital mineralized tissue will 
be resorbed before new bone can form. The non-vital 
lamellar bone in the cortical compartment is. of 
importance for the initial fixation of the implant. 


Spongy bone compartment: 


The cancellous recipient surgical site, on the other 
hand, results mainly in soft tissue (marrow) injury that 
initially is characterized by localized bleeding and clot 
(coagulum) formation. The coagulum is _— gradually 
resorbed and gets occupied by proliferating blood 
vessels and mesenchymal cells which forms granulation 
tissue. 


As result of the continuous migration of mesenchymal 
cells from the surrounding marrow, the young granulation 
tissue becomes replaced with provisional connective 
tissue and eventually with osteoid. 


In the osteoid, deposition of hydroxyapatite will 
occur around the newly formed vascular structures. 
Hereby, immature bone, most often woven bone, is 
formed and sequentially osseointegration takes place. 
Osseointegration, is often first established in areas 
occupied by cancellous bone. 


Soft tissue seal: 


The first signs of epithelial proliferation were observed 
representing I|—2 weeks of healing and a mature barrier 
epithelium was seen after 6-8 weeks. Studies have also 
demonstrated that the collagen fibres of the mucosa were 
organized after 4-6 weeks of healing. Thus, prior to this 
time interval, the connective tissue is not properly arranged. 
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According to Gould et al (1984), the length of 
junctional epithelium and barrier epithelium is about 
2mm. The height of the zone in supra-alveolar connective 
tissue is between | to |.5mm. Hemidesmosomes attach 
the epithelium onto the tooth/implant surface. 


Table 67.1: Healthy teeth vs Healthy dental implants 


Biological Clinical and Surgical Aspects of Implants 


At the implant site, fibres (equivalent to principal of 
periodontal ligament) run parallel to the implant surface 
but do not attach to the metal body. A few weeks after 
implant surgery, the implant surface is connected with the 
soft tissue attachment. 


Healthy teeth Sera 


Gingival sulcus depth |-3mm 


Junctional epithelium Lies on enamel 
Gingival fibers 
Biologic width 


2.04 mm (Average) 


Connective tissue attachment- 
collagen fibers 


The connective tissue is comprised of 
approximately 60% collagen fibers and 


Connective tissue-composition 
5 to 15% fibroblasts. 


Complex array inserted into cemen- 
tum above crestal bone 


Variable: Depends on the abutment 
length and restoration margin 

The barrier epithelium lies on the 
implant surface. 

It seems attached to titanium surfaces 
by hemidesmosomes. 


The collagen fiber bundles lie parallel 
to the implant surface. 


Similar to that of dentition. {One-piece 
implant 2.55 + 0.16 mm.Two-piece 
dental implant 3.26 + 0.15 mm (judgar 
et al.)} 


Well organized collagen fiber bundles 
are perpendicular to the root surface 
and are inserted into the cementum 


No Periodontal ligament fibers. 


Around titanium implants, it is com- 
posed of 85% collagen fibers and | to 
3% fibroblasts. 


The blood supply to gingival The interface of the crestal bone and 

structures is provided by large implant surface does not show the 
Connective tissue-Blood supply supraperiosteal blood vessels and by vascular plexus. The number of blood 

the vascular plexus of the vessels are extremely low as we close 


periodontal ligament. 

Soft periodontal ligament anchors the 
tooth to the alveolar bone. It acts as 
a cushion and physiologic mobility 


Mobility 


exists in nature. 


Proprioception ae 
is sensitive. 


Biology of healing around implants: 


Periodontal ligament is innervated and 


on the titanium implant surface. 


Lack of periodontal ligament. Ankylosis 
of implant with the alveolar bone, 
makes it immobile. If there is any mobil- 
ity of an implant, it indicates failure. 
Nerve fibers are seen in histology in 
peri-implant bone. However, its role in 
osseoperception phenomenon is not 
completely understood. 


The pitch of the implant thread was engaged in the hard tissue walls in the mandible of dogs. The void between the pitch 
and the body of the implant established a well-defined wound chamber and this chamber was sampled and studied after 


two hours of installation up to 12 weeks of healing. 
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The stages were described based on the events at wound 
chamber. It was described under the following headings. 


@ Fibroplasia 
@ Bone modelling 
@ Contact and distant osteogenesis 
@ Bone remodelling 
Fibroplasia: 


Immediately after the implant was installed, the wound 
chamber was occupied with bloodclot in which various 
leucocytes such as neutrophils erythrocytes and monocytes 
occurred in a network of fibrin. 


Thread of the implant is in connection with the original 
bone. The pitches on the implant threads give a mechanical 
anchorage. This is responsible for the initial or primary 
mechanical stability of the implants, two hours after 
installation. 


After four days, the coagulum was replaced with 
granulation tissue that contained numerous mesenchymal 
cells matrix components, and newly formed vascular 
structures (angiogenesis). A provisional connective tissue 
was established. 


The blood clot is partially replaced by primitive granulation 
tissue. 


Bone modelling: 


After | week of healing, the provisional connective tissue 
was rich in vascular tissue and contained numerous 
mesenchymal cells. The inflammatory cells reduced in 
number. Cell-rich immature bone (woven bone) was 
seen in the mesenchymal tissues that surrounded the 
bloodvessels. 
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Contact and distant osteogenesis: 


The newly formed woven bone projected from the lateral 
wall of the cut bony bed (appositional bone formation; 
distance osteogenesis) (Davies 1998). De novo formation 
of new bone could also be seen on the implant surface, i.e. 
at a distance from the parent bone (contact osteogenesis) 
(Davies 1998). 


‘Contact osteogenesis’ denotes the first step in actual 
osseointegration. It represents the direct contact between 
the roughened surface of the implant and recently laid 
woven bone. 


After 2 weeks of healing, woven bone formation is more 
pronounced and in large areas there was an ongoing new 
formation. It was noted particularly in areas of the bone 
which were in immediate contact following surgery and 
initial fixation had undergone tissue resorption. The initial 
mechanical stability is substituted with biological stability 
by the bonding of implant surface with bone. 


At 4 weeks, this newly formed mineralized bone extended 
from cut bone surface into the chamber all over. The central 
portion of chamber was filled with primary spongiosa, rich 
in vascularity and mesenchymal cells. 


Bone remodelling: 


After 6 to |2 weeks, the wound chamber was filled with 
mineralized bone. Bone tissue, including primary and 
secondary osteons, could be seen in the newly formed 
tissue and in the mineralized bone that made contact with 
the implant surface.Well structured mature bone replaces 
woven bone by | 2 weeks. The bone trabeculae had become 
reinforced by lamellar or parallel-fiber bone deposition, 
thus providing a structure to cope with the bearing of 
load. 
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eBone quality. 
¢Bone quantity. 


HEALING 
PERIOD 


eHealing phase 
(Undisturbed 
healing phase has 
positive influence) 






Fig. 67.1 


Implant bone interface: 


The success of the implant is dependent on the nature of 
this hard tissue interface. 


The implant insertion can be compared to bone fracture 
healing. They both begin with a breach in an intact skeletal 
site and physical trauma. An immune response, neo- 
vascularization, and recruitment of skeletal progenitor cells 
follows. 


The immediate local effects of osteotomy and implant 
insertion are: 
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¢ Material type. 
eForm. 


eSurface texture 
and chemistry. 










IMPLANT 
MATERIAL 


SURGICAL 
TECHNIQUE 


‘Surgical procedure. 
(Atraumatic 
surgical procedure 
hasa positive 
influence. } 


Factors that influence the anchorage of Implants 


@ Bleeding. 

Bone trauma. 

Formation of bone debris. 
Hemostasis and clot formation. 


Hypoxia. 
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Inflammatory reaction: These effects result in release 
of cytokines and growth factors and recruitment of 
inflammatory cells and progenitor cells. (Shanbhag et 
al.) 
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Events at Bone-Implant Interface: 


Within nanoseconds of implant placement within the 
prepared site, a layer of water molecules form around the 
implant. The implant surface has a significant role in this 
event. This layer facilitates protein and other molecules to 
adsorb on the implant surface. 


The next event is the formation of a layer of extracellular 
matrix proteins over the implant surface. It occurs within 
thirty seconds to few hours after implantation. The implant 
surface again determines the conformation, alignment and 
configuration of this protein layer. 


The initial source of these proteins are blood and tissue 
fluids at the wound location. Subsequently, proteins are 
derived from the cells in peri-implant region. 


Immediately after placement, there is platelet accumulation 
around the implants. hey secrete various growth factors like 
PDGF-BB, IGF-I, IGF-2, a-FGF, b-FGF TGF BMP serotonin, 
histamine and other vasoactive factors. They stimulate the 
formation of a new bone matrix. These factors help in 
differentiation, proliferation of osteoblasts. The factors also 
play a role in attachment of osteoblasts onto the implant 
surface via fibronectin-mediated focal adhesion in the later 
stages. 


Various cells interact with the implant surface through the 
adsorbed protein layer. There is initiation of cell migration, 
adhesion and differentiation. It may take few hours to many 
days after implantation. 


The first cells to migrate at the implant surface are 
multipotent mesenchymal cells and not committed 
osteoblasts. These multipotent cells can differentiate into 
functional osteoblasts only in the presence of local oxygen 
tension, adequate nutrients and regulatory growth factors. 
However, these factors are dependent on the vascular 
supply to the implant site and physiology of the host. 


Cell attachment is a complex procedure and takes place 
with the help of integrins, focal Adhesion and filopodia. 
Cell adhesion to the rough implant surface is by Filopodia 
(Actin-rich cell extensions). The anchorage occurs along 
precise locations in Filopodia including its tips. These 
tips can increase in width and branch out into Foot pads 
(localized adhesive structures). 


Cell spreading is mediated by cell membrane extensions at 
footpads. 
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Day 3-4: A noteworthy upregulation of genes associated 
with inflammation can be seen and some evidence of 
osteogenic differentiation can be noticed.(Shanbhag et al.) 


On day 3, cells around implant activate osteoblast-related 
transcription factors - Runx2 and Op. 


By day 4, Necrotic bone created during surgery gets 
resorbed, and awell-defined interface zone is formed. 


By day 5, there is an indication of new bone development 
with increase in alkaline phosphatase activity. This 
signifies the commencement of mineralization and matrix 
remodeling. 


Once activated, osseointegration follows a common 
biologically determined program that is subdivided into 3 
stages: 


¢ Incorporation by woven bone formation. 


@ Adaptation of bone mass to load (lamellar and 
parallel- fibered bone deposition) 


@ Adaptation of bone structure to 
remodeling). 


load (bone 


By day 7 or end of first week, the adhesion of bone matrix 
onto enamel surface could be identified. The extracellular 
matrix is secured into the cavities on the implant surface. 
Various studies have identified expression of such matrix 
proteins between 7 to |4 days and reported it to be a 
dependable sign of initial osteogenic activity. A significant 
simultaneous upregulation of several angiogenesis-related 
genes was identified at day 7. 


Between days 7-14, The inflammatory response is generally 
downregulated. Expression of ECM proteins is a reliable 
indicator of early osteogenic activity and their production 
and/or organization can be noticed.(Shanbhag et al.) 


It is shown in a human model that there is induction of 
genes associated with osteogenesis all through the initial 
two weeks of osseointegration. By the end of two weeks, 
there is a strong transcription profile of ossification- 
associated proteins. 


By day |6, implant surface is well covered and extensively 
integrated in a mixture of mineralized tissue, osteoid and 
dense matrix. 


By day 28 or completion of four weeks, the entire length and 
neck of implant surface has an intimate bone contact. The 
majority of tissue layer neighboring the implant is made up 
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of osteoblasts and collagen fibers. These collagen fibers are 
arranged parallel to the implant surface. The cells, proteins 
of extracellular matrix and mineralized bone appear to be 
in direct contact with the implant. The matrix of initially 
formed woven bone has osteoid within it. 


By six to eight weeks after surgery, the soft tissue complex 
comprising epithelium and connective tissue develops and 
gets attached to the implant surface. 


Osteotomy and Implant placement 


Bleeding. 

Bone trauma. 
Formation of bone 
debris. 
Hemostasis and 
clot formation. 
Hypoxia. 


Inflammatory 
reaction 


Biological processes 
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By the end of twelve weeks, there is mature lamellar bone 
in close connection with the implant surface. 


De novo bone formation or contact osteogenesis with the 
implant surface shows colonization of bone cells on the 
implant followed with formation of bone matrix. This is 
similar to bone remodeling. 


But in distance osteogenesis, there is absence of new bone 
formation on the implant surface but the bone surrounds 
the implants. This is similar tohealing of cortical bones. 


Healing outcome 


Angiogenesis 


Osteogenesis 
and Bone 
remodeling 


Neurogenesis 


Fig.67.2 Biological events that result in osseointegration. 
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Key factors responsible for successful 
osseointegration: 


Several factors must be controlled almost simultaneously, if 
a predictably successful outcome is to be expected. 


5 


Biocompatibility of implant material. 
Design characteristics of the implant. 


Surface characteristics of the implant. 


4 

4 

@ State of implantation bed. 
@ Surgical considerations. 
4 


Undisturbed healing phase. 


5 


Prosthetic design and loading characteristics. 
Implant material biocompatibility: 


The most biocompatible material is commercially 
pure titanium (CPTi): 99.75% since it is characterized by 
excellent biological and good mechanical properties 
resulting in long-term clinical function. It forms 
adherent, self-repairable titanium dioxide (TiO2/ TiO) 
passivated layer of IOAO within seconds & |O0A0 within 
a minute. 


This is followed by other  bioinertceramics and 
bioactive materials such as hydroxyapatite. However, 
lately the degree of biocompatibility of titanium has been 
questioned. 


Implant design characteristics: 


It denotes the 3D construction of the implant or its 
external appearance. It is of two main types — with 
threads or without threads on the implant surface. 


Threaded implants have been documented for long- 
term clinical function for the following reasons 


@ They increase surface area, hence more functional 
area is available for stress load distribution 


@ They improve the primary implant stability by avoiding 
micro movement of the implants till osseointegration 
is achieved. 


@ They provide great means of proprioception for the 
clinician placing the implant giving lots of information 
about the implant site. 


Modifications in the size of the threads, design and pitch of 
the threads can impact the clinical outcome 
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Implant surface characteristics: 


This includes 


@ Micro design or surface texture: Rough surface 
implants favour bone anchoring and hence better 
osseointegration is achieved. 


@ Surface chemical composition: Surfaces coated with 
hydroxyapatite have shown greater interaction with 
bone and hence good integration when compared to 
the titanium oxides alone. 


@ Surface free energy: A surface with high energy 
exhibits high affinity for adsorption and show stronger 
osseointegration. Glow discharge plasma treatment 
results in high surface energy as well as the implant 
sterilization, being conductive to tissue integration. 


State of the implantation or host bed: 


Implant host site should be healthy in terms of 
vascularity and cellularity. Good bone quality with well- 
formed cortex and medullary spaces with dense trabeculae. 
Adequate bone quantity with available bone in reference 
to length, width and depth enhances the success rate of 
osseointegration. 


Surgical considerations: 


Strict aseptic techniques should be maintained throughout 
to prevent microbial contamination which jeopardizes the 
normal healing. The preparation of implant osteotomy site 
requires profuse irrigation, i.e, cooling with 
intermittent moderate speed drilling using sharp drills in 
a gentle and least traumatic way. The critical temperature 
for bone cells that should not be exceeded is 47°C at an 
exposure time of one minute. 


Anatomic considerations in placement of dental 
implants: 


A sound knowledge of the surgical anatomy will enable to 
choose an accurate surgical technique for each case, helps to 
avoid anatomic hazards and appreciate surgical limitations. 
Impinging on these sites of anatomical importance will 
hamper the success and prognosis of the dental implants. 


Mandible: 


Clinical studies have reported higher survival rates for 
implants in the mandible compared to those in the 
maxilla, especially the posterior maxilla. 


@ Mandibular canal. 
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¢ Anterior loop of mandibular canal. 

¢ Anterior extension of mandibular canal. 
@¢ Mental foramen. 

@ Submandibular fossa. 

@ Lingual inclination of alveolar ridge. 


Dental implant should be placed about 2 mm superior to 
the roof of the alveolar canal leaving a 2 mm safety zone 
between an implant and the coronal aspect of the nerve. 
(Greenstein and Tarnow) The inserted implant should be 
invested by | mm of bone both bucally and lingually. 


Mandibular canal: 


On a panoramic radiograph, entry of the inferior alveolar 
nerve into ramus can be well identified because the lingual 
is a cortical bone and canal has a cortical lining and also the 
mental foramen can be appreciated. 


The position of the mandibular nerve must be ascertained. 
On a panoramic view, the location of the canal in reference 
to the crest of the ridge is dependent on the bucco-lingual 
position of the mandibular canal. If the nerve canal 
proceeds along the lingual aspect of the mandibular 
body, the canal will be projected more superior towards 
the crest. When the nerve canal proceeds towards the 
foramen on the buccal of the mandibular body, it will 
be projected more inferior in relationship to the crest. 


Zone of safety: 


The safety zone for surgery is a minimum of 2mm of space 
between the coronal border and the implant apex, to avoid 
any injury to the mandibular canal or its contents. It can be 
determined by clinical or radiographic methods using two 
lines. 


@ LineA is drawn corresponding to the posterior plane 
of occlusion, at the level of residual crestal ridge on 
the site of implant engagement. 


@ Line B is drawnat the most superior aspect of the 
mental foramen, and it is parallel to line A. 


@ Both the LinesA and B are joinedwith a perpendicular 
line C. This length of line C corresponds to the safe 
zone in the mesial half of the first molar. This zone of 
safety typically includes the middle and distal half of 
mandibular first molar along with the mesial half of 
mandibular second molar. 
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The position of the nerve can be accurately assessed 
using computed tomography which can give minute cross 
sections. 


Surgical considerations: 


Any trauma to the vascular bundle can cause haemorrhage, 
visibility impairment and increased potential of fibrous 
tissue formation at the surface of the implant. Most 
important, patient experiences altered nerve sensation in 
form of anaesthesia, paraesthesia or hyperesthesia. 


Mental foramen: 


The most distal portion of the implant is ideally placed 
2-3mm anterior to the mental foramen to avoid injury to 
the nerve. 


The mental nerve and vessels emerge from mental foramen. 
The antero-posterior position of the mental foramen 
is variable;it may be far forward as the apex of the first 
premolar to as far distal as below the mesial root of first 
molar. The vertical position of the foramen is usually found 
more coronal and facial than the mandibular canal. 


The average distance from inferior border was |2mm with 
a range 9 to |5mm. The opening of the mental foramen 
faces upward and distally. The average distance from the 
midline is 2.2 cm and the distance between the foramina is 
44mm. This can be variable. (41mm to 45.8mm) 


Surgical considerations: 


Mental foramen may be a problem because its location 
is not constant. It is important to identify location by 
radiographs and palpation before grafting procedures or 
extensive flap reflection. Surgical trauma to the mental 
nerve can produce paraesthesia of the lip. 


In partially or totally edentulous jaws, the disappearance of 
the alveolar process of the mandible brings the mandibular 
canal and the mental foramen closer to the superior 
border. When these patients are evaluated for implants, 
the location of the mental foramen must be determined to 
avoid injury. 


Based on the distance between the two mental foramina 
on the opposing sides, the number of implants to be 
placed can be determined. A minimum required distance 
between implant and mental nerve is 5 mm from anterior 
or bony foramen. 
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Submandibular fossa: 


It is concavity present in the inner side of the body of the 
mandible below the mylohyoid ridge in first to third molar 
region. The facial artery and its lateral loop are found in 
this depression. 


Surgical considerations: 


The lingual aspect of the body of the mandible should 
be palpated as well as evaluated using CT scan before 
osteotomy preparation. 


The perforation of the lingual plate occurs because of 
the significant undercut under the mylohyoid muscle. This 
perforation can occur due to angulation of the implant. 
After the drill penetrates the lingual plate, it can proceed 
quickly several millimetres beyond the lingual cortex and 
partially cut the facial artery. This leads to life-threatening 
haemorrhage, in the floor of the mouth and tongue followed 
by respiratory obstruction. 


Lingual inclination of alveolar ridge: 


The anterior mandible is often angled to the lingual after 
the initial labial resorption of the bone, or often after 
resorption of the residual ridge. 


Surgical consideration: 


In an attempt to place implants in the long axis of the 
missing tooth often results in a lingual perforation of 
the mandible especially in the canine region, which is the 
most common site for life-threatening haemorrhage. 


Other causes include a tear in the lingual periosteum during 
elevation or handling of the flap. 


Surgical considerations of maxilla: 


The anatomical structures that influence implant placement 
include 


@ Maxillary sinus. 

@ Nasal cavity. 

Incisive foramen. 

¢ Palatine and pterygoid vessels. 


@ Canine fossa. 
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Table 67.2: Minimum Required Distance Between 
Implant And Indicated Structure In Maxilla 


Buccal plate surface |.0 mm 
Lingual plate surface |.Omm 
Maxillary sinus |.Omm 


Incisive canal Avoid midline of maxilla 


Nasal cavity |.Omm 


The clinician should also be knowledgeable about 
the following that could affect the implant placement, 
including 


Teeth: 


@ Roots of the teeth adjacent to the dental implant 
sites. 


@ Implants should be placed at a minimum distance of 
|.5mm from an adjacent natural tooth. 


@ Adjacent Implants: Adjacent implant surfaces should 
be at a minimum distance of 3 mm. 


Available bone: 
@ Bone quality and bone quantity. 
¢ Alveolar bone deformities. 
Quality and quantity of residual bone: 


The quality of the bone in an edentulous area has a prime 
influence on treatment planning, implant design, surgical 
approach, and healing up to implant loading. 


@ Bone density and volume may be precisely determined 
prior to surgery by a computed tomography scan 
accompanied by Hounsfield values of the bone. 


@ The bone quality is commonly evaluated during 
surgery. 

@ Bone tissue assessment in implant tissue has two 
primary functions. 


— Diagnostic tool-Helps in assessing the sufficiency 
of bone tissue for dental implant placement. 


— Prognostic tool-Helps in predicting the success or 
failure of dental implant. 
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Lekholm and Zarb classification (1985): 


Bone Quality refers to the amount and topographic 
relationship of cortical and cancellous bone. 
(JJaffin&Berman) 


Bone quality is classified as: 


@ Quality |: Composed of homogenous compact bone, 
usually found in the anterior mandible 


@ Quality Il:A thick layer of compact bone surrounding 
a core of dense trabecular bone, usually found in the 
posterior mandible 
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@ Quality Ill:A thin layer of cortical bone surrounding 
dense trabecular bone of favorable strength, normally 
found in the anterior maxilla but can also be seen in 
the posterior mandible and the posterior maxilla. 


@ Quality IV:A thin layer of cortical bone surrounding 
a core of low-density trabecular bone, it is very soft 
bone and normally found in the posterior maxilla. It 
can also be seen in the anterior maxilla. 


This classification offers a subjective, nonspecific technique 
to determine bone density. The primary drawback of this 
classification is that it does not provide quantitative data 
about bone quality and density. 





Fig 67-3: Classification of bone quality 


Bone density classification by Misch: 


Misch defined four density groups in all regions of the jaw. 
The regions of the jaw are divided into 


|. Anterior maxilla — second premolar to second 
premolar 





D1 D2 





2. Posterior maxilla — molar region, 
3. Anterior mandible — first premolar to first premolar 


4. Posterior mandible — second premolars and molars 





D3 D4 


Fig 67-4: Classification of bone density 


Dense Cortical (D-1) bone: 


DI bone type is composed of all dense and homogenous 
cortical bone. It exhibits greater strength than any other 
bone type.This is present in 4% of anterior and 2% of 
posterior mandible. This is called oak or maple like. 
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Histologically is composed of dense lamellar bone with 
complete haversian systems. 


The CT images have a range of > 1250 Hounsfield unit. 
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Advantages: 


@ Since it is highly mineralized, able to withstand heavy 
occlusal loads. 


@ Heals with little interim bone formation, ensuring 
excellent bone strength while healing. 


@ It shows greatest bone-implant contact of more than 
80%, hence greater success. 


@ Fewer stresses transmitted to apical third, hence 
short implants can better withstand higher loads 
compared to other bone densities. 


Disadvantages: 


@ This bone type has fewer blood vessels and hence 
depends on periosteum for its nutrition. 


@ Capacity of regeneration is impaired due to poor 
blood circulation. 


@ Delicate and minimal periosteal reflection along with 
a precise closure of periosteum and overlying tissues 
is indicated to help recover blood supply 


Dense to thick porous cortical bone and coarse 
trabecular bone (D2): 


This is composed of a combination of dense to porous 
cortical bone on the crest and coarse trabecular bone 
on the inside. The D2 bone trabeculae are 40% to 60% 
stronger than D3 trabeculae. The density is similar to 
spruce or white pine wood. 


This occurs most frequently in anterior mandible followed 
by posterior mandible and in anterior maxilla for a single 
missing tooth. 


On CT reformatted images may have a range of 850-1250 
Hounsfield units 


Advantages: 


@ Provides excellent implant interface healing. Usually 
referred to as the ideal bone. 


@ The cortical bone on the crest or the lateral portions 
of the implant site provide secure initial rigid surface 


@ Intrabony blood supply allows bleeding during 
osteotomy which helps to control overheating. 


@ Excellent healing with bone implants interface of 
more than 70% 
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Disadvantages: 
@ Use of threaded implants 


@ Progressive loading not required 


Thin porous cortical and fine trabecular 
bone (D3): 


This is composed of thinner porous cortical bone on 
the crest and fine trabecular bone within the ridge. The 
tactile feeling when preparing this bone density is similar 
to compressed balsa wood. 


The bone: implant contact is approximately 50%. It may 
be found in anterior maxilla and posterior regions of the 
mouth. 


On CT, reformatted images may have a range of 375-750 
Hounsfield units. 


A roughened implant body or the once with hydroxyapatite 
coatings may prove successful. Greater diameter implants 
should be used as there is bone spreading. 


Advantages: 


@ Implant osteotomy preparation time and difficulty 
is minimal — for each drill size, it is less than 10 
seconds 


@ Crest module drill and bone tap not required 


@ Blood supply is excellent for healing, intraosseous 
bleeding during osteotomy helps cool the site. 


Disadvantages: 


@ In anterior such bone type is narrower, hence 
osteotomy can lead to lateral or apical perforation. 


@ With thin crestal cortical bone, greater is the risk to 
load during healing. 


@ Healing periods is longer upto 6 months. 
Fine trabecular bone (D4): 


This hasvery little density and little or no cortical crestal 
bone. It is the opposite spectrum of DI bone. Most 
common location is the posterior molar region of maxilla 
in long term edentulous patient or in an augmented ridge 
in height and width by bone substitutes or in a sinus graft. 


The tactile sense is similar to stiff, dense Styrofoam or soft 
balsa wood. The bone implant contact is often less than 
25%. 
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ACT scan with reformatted images shows < 375 Hounsfield 
units. 


Advantage: 
@ The bone spreading is easiest. 
Disadvantages: 


@ Bone trabeculae are sparse, so initial fixation is a big 
challenge. 


@ The initial drill is the only drill to be used since 
chances of perforation are very high 


@ Additional implants may be necessary to improve 
implant loading distribution. 


@ Large diameter implants with roughened or 
hydroxyapatite coating is mandatory to improve the 
amount of bone-implant contact. 


@ Undisturbed healing for longer periods of more than 
6-9 months is required. 


Quantity of residual bone: 


Residual bone or available bone designates the amount of 
bone in the edentulous area planned for implantation. It is 
calculated based on its length, width, height, angulation and 
crown height space. 


Available bone height: 


An orthopantomogram is widely used to assess the available 
bone height. It is measured from the crest of edentulous 
alveolar ridge to the opposing landmark. 


Anteriorly in maxilla, measured from crest of the alveolar 
ridge to the maxillary nares. In mandible, from the crest of 
the alveolar ridge to the inferior border of the mandible. 


Posteriorly, in maxilla, from the crest of the ridge to floor 
of the sinus. In the mandible, from the crest to the ridge to 
the mandibular canal. 


Available bone width: 


It is measured as the width between the buccal and lingual 
cortical plates at the crest of planned location for implant 
placement. The minimal width required is one mm of bone 
between the implant and the cortical plates. 


Available bone length: 


It denotes the mesio-distal length of available bone in an 
edentulous region. There should be a minimum of |.5mm 
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space from the neighboring tooth and 3mm from a nearby 
implant. 

Available bone angulation: 


It is the angle between the occlusal plane and the 
implant body. It should be perpendicular to the plane of 
occlusion and parallel to the long axis of the prosthodontic 
restoration. 


Crown height space: 


It is the vertical distance from the crest of the ridge to 
occlusal plane. 


Divisions of available bone: 

|. Division A (Abundant bone): 

2. Division B (Barely sufficient bone) 

3. Division C (Compromised bone) 

4. Division D (Deficient bone) 
Dimensions of Division A 

@ Width > 6mm 

@ Height >|2mm 

@ Mesiodistal length > 7mm 

@ Angulation of occlusal load < 25 degrees 

@ Crown height space < [5mm 
Dimensions of Division B 


This type of bone offers sufficient bone height, but the 
available bone width can be classified into B+ and B-w (B 
minus width) 


@ Width 2.5 to 6 mm 
+ Bt: 4 to 6mm 
+ B-w: 2.5 to 4mm 
@ Height >12 mm. 
@ Mesiodistal length >6mm 
¢ Angulation < 20 degrees 
@ Crown height space < [5mm 
Dimensions of Division C: 


This type is deficient in one or more dimensions. If there is 
only deficient bone width, then it is C-w (C minus w) and 
if the bone height is reduced, then it is C-h (C minus h). 
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One more category is C-a (C minus a) where the available 
bone is adequate in height and width, but the angulation is 
greater than 30 degrees regardless of implant placement. 


@ Width (C-w bone): 0 to 2.5mm 
@ Height (C-h bone) < 12mm 
@ Angulation of occlusal load (C-a bone) >30 degrees 
@ Crown height space > [5mm 
Dimensions of Division D: 
@ Severe atrophy 
@ Basal bone loss 
<> Flat maxilla 
<> Pencil thin mandible 
@ > 20mm crown height 
Undisturbed healing phase: 


Conditions optimal for bone formation must be 
maintained. Pre-osteoblasts, derived from _ primary 
mesenchymal cells depend on a favourable oxidation- 
reduction (redox) potential of the environment. 


Thus, a proper vascular supply and oxygen tension are 
needed. If oxygen tension is poor, the primary stem cells 
may differentiate into fibroblasts, form scar tissue and lead 
to implant failure. 


Prosthetic design and Loading conditions: 


Ideally, there should be no loading while healing to achieve 
successful osseointegration. Micro movements at the 
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interface exceeding |50um will impair differentiation of 
osteoblasts in early healing period. 


Premature loading leads to implant movement resulting in 
soft tissue interface rather than a bony interface. 


Other factors to decrease the biomechanical load 


includes 
@ Shortening or elimination of cantilever length 
@ Use of narrow occlusal table, 
@ Minimizing the offset load, 
@ Increasing the implant number and 


@ Use of a wider implant with D4 bone compared to 
DI & D2 


JAW BONE ANATOMY CLASSIFICATION 
(Juodzbalys & Kubilius): 


It classifies the edentulous jaw segment into three types 
(Types | to III) based on anatomical and radiographic 
jawbone quantity and quality. It is proposed to help in 
treatment planning. 


Classification system of the jaw bone anatomy in endosseous 
dental implant treatment. H = height; W = width; L = length; 
RVP = Alveolar ridge vertical position; ME BPH = Mesial 
interdental bone peak height; DI BPH = Distal interdental 
bone peak height; MC = mandibular canal; IAN = inferior 
alveolar nerve; MSR = maxillary sinus region (all linear 
measurements are expressed in mm). 
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Fig. 67.5: Classification system of the jawbone anatomy in endosseous dental implant treatment. (Juodzbalys & 
Kubilius). As 
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Criteria for evaluation of dental implants: (Albrektson and 
Zarb G (1980)) 


@ The individual unattached implant should be immobile 
when tested clinically. 


@ The radiographic evaluation should not show any 
peri - implant radiolucency. 


@ Vertical bone loss around the fixtures should be 
less than 0.2mm annually after first year of implant 
loading. 


@ The implant should not show any sign and symptom 
of pain, infection, neuropathies, parastehsia, violation 
of mandibular canal and sinus drainage. 


@ Success rate of 85% at the end of 5 year observation 
period and 80% at the end of |0-year service. 


¢ Implant design allows the restoration satisfactory to 
patient and dentist. - Smith and Zarb (1989) 


Scope of osseointegration: 


|. Prosthetic rehabilitation of missing teeth 


¢ Complete edentulous maxilla and mandible 


rehabilitation. 
¢ Partial dental loss/replacement. 
¢ Single tooth replacement. 
2. Anchorage for the maxillofacial prosthesis 
¢ Auricular Prosthesis. 
¢ Ocular Prosthesis. 
¢ Nasal prosthesis. 


3. For rehabilitation of congenital and developmental 
defects 


¢ Cleft palate. 
¢ Ectodermal dysplasia. 
4. Complex maxillofacial defect rehabilitation. 


5. Orthodontic anchorage. 
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Review Questions: 


Essay Questions: 
|. Discuss the biologic aspects of dental implant. 


2. Describe the available quantity and quality of alveolar 
bone and its relationship with dental implantology. 


Short notes: 
3. Write a brief note on implant bone interface. 
4. What are the criteria of success of dental implant? 
5. What is the scope of osseointegeration? 


Principal references and suggested further 
reading: 


@ Albrektsson T, Zarb G.Worthington P. Eriksson A.R.: 


The Long-Term Efficacy of Currently Used Dental 
Implants:A Review and Proposed Criteria of Success; 
Int Journal of Max Imp 1986; I, | 1-25. 


¢ Albrektsson.T, | Branemark.P-l, | Hansson.H.-A, 
Lindstrom.J, “Osseointegrated titanium implants: 
requirements for ensuring a long-lasting, direct bone- 
to-implant anchorage in man,’ Acta Orthopaedica 
1981:52, 2, pp. 155-170. 


@ Al-Sabbagh M.Complications in implant dentistry. 
Dent Clin North Am. 2015 Jan;59(1): xiii-xv. doi: 
10.101 6/j.cden.2014.09.006. 


@ Ayse Gulsahi (2011). Bone Quality Assessment 
for Dental Implants, Implant Dentistry - The Most 
Promising Discipline of Dentistry, Prof.llser Turkyilmaz 
(Ed.), ISBN: 978-953-307-481-8, InTech, Available 
from:http://www.intechopen.com/books/implant- 
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bone-qualityassessment-for-dental-implants 
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@ Carl E. Misch. Contemporary implant dentistry. 3rd 
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Basic requirements and principles of dental ¢ The initial stability should be adequate at the time of 
implant surgical procedure: placement; i.e., should be immobile at placement. 
a anon ¢ Implants should be allowed to heal without loading or 


Dental Unit: micro-movement. The _ healing time for the 


@ Good operating light. mandible is around 60-120 days whereas the maxilla 
@ Good high-volume suction is 120-180 days. 
Sterilization: STERILIZATION OF DENTAL IMPLANT: 


¢ The preparation of the implant site must always be 
executed in a sterile environment. Use of sterile 
drapes, gowns, gloves, suction tubing,etc. 


@ The sterilization of implant is performed with high 
technology procedures from the manufacturer which 
ensure pre-sterilized implants which are ready to be 


@ The implant must be sterile. ; 
inserted. 


Implant surgery: ¢ The procedures include, 


@ Implant site should be prepared with an atraumatic 


surgical technique. <> Radio frequency glow discharge technique 


(RFGDT): The implants are exposed to a 
controlled discharge of noble gas mixture at low 
pressure. he gas ions bombard the surface and 


@ Implant should be placed under irrigation to prevent 
rise in temperature of bone during drilling. 
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remove surface atoms, molecules rendering the 
implant clean. It also grants high energy state to 
the implant which causes improved cell adhesion 
capabilities. Thinner and more stable oxide films 
with a decrease in bacterial contamination have 
been reported. 


<> Modified ultraviolet (UV) light — sterilization 
protocol was shown to eliminate biological 
contaminants and enhance bioactivity. 


<> Gamma radiation: The metallic systems are 
exposed to radiation where the packaging and all 
parts of the assembly are sterilized. It is used for 
healing screws, wrenches, transfer elements and 
implants. This is also used for sterilizing zirconia 
implants. 


e Handling the implants with bare fingers, 
powdered gloves, tap water or treating with 
chemical disinfectant or autoclaving can 
contaminate implant surfaces. It can cause 
deposits of organic substances resulting in 
poor tissue adhesion. Hence, conventional 
sterilization methods are contraindicated. 


Essential armamentarium: 


@ Physiodispenser- this device has accurate speed 
control. It is equipped with an irrigation line of sterile 
salt solution. The torque and the cutting direction can 
be adjusted. 


@ Reduction gear handpiece 


¢ Distribution of an uniform and steady flow of sterile 
water is mandatory throughout the procedure at high 
and low speeds. This is achieved with an irrigation unit. 
Implant Kit — Basic set 
Starter drill / tip drill/ Lang’s drill / Guide drill 
Pilot drill 
Twist drills 
Depth gauge 
Direction indicators or paralleling pins 
Countersink 


Bone tap optional 
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Wrench Ratchet 
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@ Torque wrench 
@ Hex driver 
@ Irrigation needle 


Note: The implant kit is provided by the dental implant 
manufacturer and varies widely. 


Stage I Surgery: 


This is also known as Fixture installation stage. It is the 
procedure for installing implants into bone. This procedure 
demands exacting, specific insertion protocol. The 
procedure varies minimally depending on the bone quality, 
quantity of available bone and the load demands on the 
final prosthesis. 


Trephining is a process of preparing the bone with 
a series of burs and drills to place the implant 
directly into a socket. It is the basic surgical procedure 
used for placement of all types of endosseous implants. 


|) Anaesthesia; Infiltration (local anaesthesia + 
vasoconstrictor) 


2) Flap design and Incisions: 
Two types of incisions are used, either crestal or 
remote incision. 
<> The remote incision is made some distance 
from the planned osteotomy site usually when 
extensive bone augmentation is planned. 
<> Crestal incision is made along the crest of the 
ridge, bisecting the existing zone of keratinized 
mucosa and is easier to manage and results in less 
bleeding, less edema, and faster healing. 
< Vertical or releasing incisions may be given. 
3) Mucoperiosteal flap:A Full thickness flap is elevated. 
4) Implant Site Preparation: 
<> A physiodispenser along with reduction gear 
handpiece is used.A series of drills are attached 
to it to prepare the osteotomy site precisely and 
incrementally for an implant. 
<> A surgical guide or stent may be used throughout 


the procedure to direct the proper implant 
placement 


<> Copious irrigation is used throughout so as to 
prevent bone necrosis. Bone cell death occur 
when the bone gets heated above 47° C during the 
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preparation of the site. Use of sharp incremental 
drilling with speeds of no more than 3000 rpm 
with copious saline irrigation prevents the rise in 
temperature of the preparation site. 


<> Drills should be intermittently and repeatedly 


“pumped” or pulled out of _ the 
osteotomy sites while drilling to expose them to 
the water coolant and to facilitate clearing bone 
debris from the cutting surfaces. 


Steps in implant site preparation: 


Step I: A small round bur (or Guide 
drill) is the first drill used in the bone preparation 
process to a depth of Ito 2mm.The cortical layer 
of the bone is pierced with this drill. It is 
initiated using high speed guide drill at 1500 rpm. 


Step II: The 2-mm twist drill is used 
second in the sequence to prepare the site to 
2mm in diameter and to establish the final depth 
at 800 to 1200 rpm. 


Step Ill: A guide pin should be 
placed in the prepared site to check alignment 
and parallelism. 


Step IV: Pilot drill is used next. It has a 
noncutting 2-mm-diameter “guide” at the apical 
end and a_ cutting 3-mm-diameter (wider) 
midsection. Inferior portion of the drill is to 
engage the 2mm prepared site and superior 
portion begins the enlargement of the 
osteotomy site, thus facilitating the insertion of 
the subsequent drill in the sequence. 


Step V: The 3-mm twist drill is fourth drill 
in bone preparation. It is used to widen the site 
along the entire depth of the osteotomy from 2 
to 3 mm. This drill will finish cutting the 
osteotomy site. Implant site is now prepared to 
final length and width utilizing a 3mm twist drill 
operating at high speed. 


Step VI: Countersink Drill 
(Optional). Countersink is the final drill used in the 
high speed drilling process. It is used to shape 
or flare the crestal aspect of the osteotomy 
site. This allows the coronal flare of the implant 
and cover screw to fit within the osteotomy site. 
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Step VII: Bone tap (optional — only in cases of 
dense bone) is the first in the series of slow speed 
bone preparation. It is used to thread the bone 
prior to implant placement. 


Step VIII: Implants are fixed to the fixture 
mount and _ inserted into the _ prepared 
osteotomy site with a hand piece rotating at 
slow speeds (e.g., 25 rpm) and tightened using a 
torque wrench. (35-45 Ncm) 


Step IX: Fixture mount is unscrewed from 
fixture. The cover screws are secured using 
Hex drivers. The surgical sites should be 
thoroughly irrigated with sterile saline. 


5) Flap closure and suturing: Proper good primary 
closure of the flap is achieved with horizontal 
mattress and interrupted sutures. Silk sutures are 
generally satisfactory. However, PTFE and resorbable 
sutures are also used alternatively. 


6) 


Postoperative Care: 


<> 


<> 


<> 


— 


Patient should be informed that certain 
postoperative symptoms such as discomfort, 
swelling and bruising is expected. 


In certain clinical situations, = antibiotic 
premedication (for example, 500mg of Amoxéicillin, 
thrice a day) could be started one hour prior to 
the surgery and continued for one week after the 
surgery. However, it should be used cautiously as 
there is a high risk of antibiotic resistance. 


# Antibiotic prophylaxis seems to have a 
favorable effect, particularly postoperative 
antibiotics seems to prevent early infection. 
(Asenjo-Lobos et al). 


=" However a literature review in 2012 showed 
no benefit from the use of antibiotic 
prophylaxis in low and moderate risk dental 
implant patients.(Ahmad & Saad) 

=» Moreover, Park et al in their review found 
that antibiotic use in healthy patients for the 
prophylaxis of surgical infection associated 


with dental implant placement does not 
appear to improve clinical outcomes. 
NSAIDs are generally prescribed as_ pain 


medication (e.g., ibuprofen, 600-800 mg TID). 
Patients are advised to apply an ice pack to the 


Yy 


Cc Implantology 


area intermittently for 20 minutes (on and off) 
over the first 24 to 48 hours to reduce swelling 


and pain. 


<> Chlorhexidine gluconate oral rinses can also 
be prescribed to keep the area clean. 
<> Patients should be instructed to maintain a 


relatively soft diet for the first few days and then 
gradually return to a normal diet. 


Table 68.1: Implant Bed Preparation Procedures 


Surgical tech- 
nique 


Advantages 


Procedure 


Effect on 
Primary and 
secondary 
stability 


Conventional 
preparation 


Dense bone. 


It is the tradi- 
tional drilling 
method and 
has been 
discussed in 
the text. 


Undersized 
Implant Site 
Preparation 


Low-density 
bone. 


The final drill 


diameter 

is relatively 
smaller in 
size than the 
implant 
diameter to 
produce an 
osteocom- 
pression of 
surrounding 
bone on 
implant inser- 
tion. 


It could en- 
hance the pri- 
mary implant 
stability in 
sites of poor 
bone density. 
-Weak evi- 
dence. (Shadid 
et al.) 


Osteotomy 
Technique 


Improve final 
bone healing. 


An initial 
small-sized 
pilot hole is 
drilled, and 
then the 
bone tissue is 
compressed 
laterally and 
apically with a 
spreader or 
implant- 
shaped instru- 
ment. 


In poor bone 
density could 
enhance 

the primary 
stability- Weak 
evidence. 
(Shadid et al.) 


2 weeks postoperatively. 
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<> Tobacco and alcohol use must be avoided for | to 


<> Provisional restorations if given should be checked 


and adjusted so that impingement on the surgical 
area is avoided. 


Piezosurgery 


Improves 
precision, 
improved 
visibility and 
selective cut- 
ting action. 

It uses an 
ultrasonic sur- 
gical unit with 
piezoelectric 
inserts. 


It does not 
affect the 
primary 
mechanical 
stability.-Weak 
evidence. 
(Shadid et al.) 


Periodontics & Oral Implantology 


Flapless Surgi- 
cal Technique 


Better soft tis- 
sue aesthetics. 


Flapless sur- 
gery is carried 
out. 


It could 
enhance 

the primary 
implant stabil- 
ity. (Shadid et 
al.) 


Low-Level Laser 
Irradiation 


Improves bone 
tissue healing 
process. 


Low-Level Laser 
Irradiation of the 
osteotomies. 


Insufficient 
evidence. (Shadid 
et al.) 


Chapter 68 Dental Implant Surgical Procedure )) 
Secondary There is still a lt enhances It could fasten It could Insufficient 
stability lack of evi- secondary the bone heal- enhance evidence. (Shadid 

dence about implant stabil- ing process secondary et al.) 
its influence. ityinimplant andincrease — implant stabil- 
(Shadid et al.) beds with the secondary _ ity. (Shadid et 
poor bone implant stabil- al.) 
quality. -VWWeak _ ity, earlier than 
evidence. the traditional 
(Shadid et al.) drilling tech- 
nique. (Shadid 
et al.) 
Surgical template: Procedure: 


@ A stent is an appliance used for radiographic 
evaluation of height and width of the available bone 
during treatment planning for implant placement or 
during surgical procedures to provide the site for 
optimum implant placement. (Kola et al.) 


@ The ideal position and ideal angulation for implant 
insertion is determined on the diagnostic wax-up,and 
the surgical template made out of it acts as a transfer 


device to relate the planned position during surgery . 


@ It helps in precise and accurate placement of implants 
by directing the surgeon to place the implant at a 
position that best affords support against occlusal 
forces and takes care of the aesthetics. 


Stage II Surgery: 


After the first stage implant surgery, a period of 3 to 4 
months in mandible and 5 to 6 months in case of maxilla 
is allowed for healing and osseointegration to take place. 
Then with surgical uncovering, healing abutment is placed. 


The objectives of second stage exposure surgery 
are: 


|. The submerged implant should be exposed without 
any destruction of the adjacent bone. 


2. The thickness of the soft tissue surrounding the 
implant should be regulated. 


3. An attached keratinized tissue should be created or 
preserved around the implant. 


4. It should help in maintenance of oral hygiene. 


@ Simple Circular “Punch” Incision or a crestal incision 
is given through the middle of the keratinized tissue 


@ Full-thickness flap reflection can be used to expose 
implants. 


@ Excess tissue over the cover screw is removed or 
displaced so that the outline of the cover screw 
is visible. 

@ Removal of the cover screw is the next step. 


@ The head of the implant should be meticulously 
cleaned from any overgrowth of any soft or hard 
tissues. 


@ Proper sized abutments are selected for transmucosal 
connection. The fit of the implants to the healing 
abutments can often be visually evaluated.The ideal 
protrusion of the healing abutment is Imm beyond 
the level of oral mucosa. The healing abutment should 
protrude about | mm above the mucosa. 


Postoperative Care: 


@ Once the cover screw is exposed, it is important 
to remind the patient to maintain good oral 
hygiene around the implant. 


@ A chlorhexidine rinse can be used to enhance 
oral hygiene for the initial two weeks while the 
tissues are healing. 


@ Fabrication of the superstructure can begin in about 
2 to 4 weeks. 


Flapped and Flapless Techniques: 


5. The accurate seating of abutment should be A full thickness mucoperiosteal flap is elevated in traditional 


ensured. 
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mucoperiosteal flap intact consequently reduce the crestal 
bone loss and to prevent long-term aesthetic complications 
a flapless procedure has been introduced. However, the 
various studies carried out give contradictory results on 
the effect of these techniques on crestal bone loss. Hence, 
the effects of the flapless surgery vs flapped techniques 
remains debatable. (Vohra et al.) 


Implant stability: 


Primary stability is defined as the absence of 
mobility in the bone bed after the implant has 
been placed. (Javed and Romanos 2010) 


Secondary stability is the progressive increase in 
stability related to biologic events at the bone- 
implant interface such as new bone formation and 
remodelling. (Raghavendra et al. 2005) 


Implant 
haracteristics. 


The quantity and 
quality of the bone. 


AY 


stability 


C 
Morphology of the Surgical technique 


implant. 


Implant stab 


Implant surface 
roughness, and 
topography. 
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Fig. 68.1: Primary implant stability vs secondary 
implant stability 





Surgical technique. 


One-Stage “‘Non-Submerged”’ Implant Placement: 


The implant site preparation for the one-stage approach 
is identical in principle to the two-stage implant surgical 
approach. 


The variation is that the head of implant or healing 
abutment extension projects 2-3 mm from the crest of 
alveolar bone. 
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Postoperative Care: 


The post-operative care is comparable to two-stage 
technique. The variation is that the cover screw or healing 
abutment is exposed into the oral cavity. The patient 
is instructed not to chew on the implant site. 
Prosthetic devices that transmit the chewing forces 
directly to the implant should be avoided in the initial 
healing period — the initial 28-56 days after surgery. 






INFERIOR 


HORIZONTAL MAXILLARY SINUS }| ALVEOLAR NERVE 
Mea viatie el FLOOR ELEVATION | REPOSITIONING 


Bone grafts Lateral window 


VERTICAL ALVEOLAR 


RIDGE AUGMENTATION 





Bone grafts 


Lateralization. 


¢ Block bone graft. ; rie 
Occlusive an Osseous Barrier Bpp cach. Transposition 
Teaibrancn, membranes Transcrestal 
eGuided bone ¢ Guided bone elevation 
regeneration regeneration 
Distraction Bone graft. 


osteogenesis. 
¢ Block bone grafts 


Ridge expansion 
or splitting 


Combination of the 
above 


Combination of 
the above 


Fig. 68.2 Bone augmentation in Dental Implantology 


A review by Klein & Al-Nawas showed a high cumulative 
survival rate (95.91%) of dental implants placed in 
augmented areas. The peri-implant marginal bone level was 
stable after a period of 6 to |2 months with average bone 
loss of 0.3 to 1.87mm. This was comparable to implants 
placed into normal bone. 
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Horizontal ‘Dehiscence type’ defects. Bone grafting. 
alveolar ridge 
defects and Guided bone regeneration. 


augmentation 


‘Contour-forming’ defects Autogenous bone block with additional bone 
substitutes. 


Autogenous bone block with membrane. 





Vertica | Vertical ridge deficiencies are less frequent. 


alveolar ridge 


defects and The predictable outcomes with existing vertical 
; bone augmentation procedures is low. 
augmentation 


They exhibit significantly higher complication 
rates than horizontal augmentation. 


The available treatment options are: Distraction osteogenesis 


Autogenous bone block 


Table 68-2: Bone augmentation techniques used for various bone defects 


The dental implants can be placed along with the augmentation procedure “simultaneous approach’ or placed in a 
‘staged approach’. Larger defects are treated with staged approach. 


Table 68.3: Biologic Requirements For Bone Regeneration: 


__|Requirement_ | Surgical procedure 


|. Blood supply Cortical perforations 
Stabilization Fixation screws, membrane tacks 
3. | Osteoblasts Autogenous bone (graft/recipient site) 
4. Confined space Barrier membrane 
5. Space maintenance Tenting screws, bone graft materials 
6. Wound coverage Flap management, tension free suturing 


Periodontics & Oral Implantology @ 


\_ Implantology 
Monocortical bone grafts: 


lf the deficiency is large and challenging, a block graft which 
is mainly of cortical bone can be harvested from 


@ Intra oral: symphysis or the ramus 
@ Extra oral: iliac crest or the tibia 


This canbe harvested by the use of bone trephines or 
Piezosurgical unit, where a precise block is obtained with 
minimal trauma 


The surgical procedure is similar to GBR. Here the block 
graft is fixed to the recipient site with the fixation screws. 


The overlying soft tissues can be separated from the bone 
graft using a barrier membrane or it can be covered by the 
mucoperiosteal flap without a membrane. 


Fixation screws and plates should be removed after an 
adequate healing period of 6 months. The success with the 
membrane is far superior to the bone graft alone. 


Complications: 


Bleeding, post-operative infection, bone fracture, nerve 
dysfunction, ulcers, wound dehiscence and donor site 
morbidity. 


Ridge augmentation using Lefort | osteotomy: 


It is done in severely atrophic maxillae with skeletal Class 
Il. It is the surgical inferior repositioning of the maxilla 
by total maxillary Le fort | osteotomy and inter-positional 
placement of autogenous bone graft from iliac crest. 
It is followed by direct transosseous wiring of the inter- 
positional bone graft. 


The primary objective of this procedure is three-dimensional 
repositioning of the maxilla to create an ideal interocclusal 
relationship. 


Maxillary sinus floor elevation: 


It is done when the available residual alveolar ridge is 
inadequate to harbor the dental implant. 


@ Either a lateral window approach or a transcrestal 


elevation of maxillary sinus floor are carried out. 


Both the approaches are documented and show 
good results. 


@ Autologous bone and alloplasts have comparable 
results when used for sinus grafting. 


(ey 
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Ridge preservation: 


Tooth extraction or tooth loss often results in alveolar 
ridge resorption or collapse, preservation of bone at the 
time of extraction is the desired goal. 


Atraumatic extractions with periotomes are carried out to 
preserve the surrounding bone, and the socket is covered 
with bone graft and membrane. 


Temperature; 47°C for | min may cause bone necrosis. So 
external irrigation is a must. 


In a recent review Vohra et al concluded that in animals 
with induced osteoporosis, systemic bisphosphonate 
delivery enhanced implant osseo-integration. Conversely, 
in clinical situations, there is a_ high risk of 
bisphosphonate-related osteonecrosis of the jaw in 
patients with osteoporosis undertaking dental implants. 


Inferior Alveolar Nerve Repositioning: 


The repositioning of inferior alveolar nerve is performed 
via one of two surgical techniques lateralization or 
transposition. 


¢ Lateralization of inferior alveolar nerve 
repositioning: The inferior alveolar nerve is 
exposed and retracted laterally, held in this 


position during implant placement, then released to 
rest against the implants. 


¢ Transposition of inferior alveolar nerve: first 
described in 197/7and modified in 1987, the mental 
foramen is included in the osteotomy, to allow 
incisive branch excision, so that the IAN can be 
pulled into a newposition, generally more posterior. 


¢ The osteotomy procedure is carried over by 
piezoelectric surgery or with burs. 


Temporarily weakens 
the mandible => 7 
Mandibular fracture 
occurance. 





It allows placement of 
standard implants 
without grafting. 


It can be performed 
under local anaesthetic, 
does not require a 
donor site, and has a 
lower morbidity rate. 


Risk of nerve damage. 


¢ Hypoesthesia, 
e Paresthesia. 
e Hyperesthesia 


Fig 68-3: Inferior Alveolar Nerve Repositioning 
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Review Questions: 


Essay Questions: 


Explain briefly the surgical procedure for the implant 
installation with a special emphasis on the implant 
bed preparation procedures. 


Short notes: 


2. 


. Write briefly about 


What are the Basic requirements and principles of 
dental implant surgical procedure? 


. Write a short note on different methods to augment 


bone in dental implantology. 


Inferior Alveolar Nerve 


Repositioning. 
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Chapter Outline: 


¢ Introduction. 

¢ Definitive abutments for dental implant restorations. 
¢ Impression Techniques for Dental Implant Prosthesis. 
¢ Implant Prostheses For Edentulous Patients. 

¢ Implant Overdenture. 

¢ Attachment For Implant Supported Overdenture. 


INTRODUCTION 


The implant retained and supported prostheses range 
from a single implant prosthesis replacing a single missing 
tooth to multi-implant prosthesis that restores a partially 
or completely edentulous dental arch. The implant 
rehabilitation of edentulous maxilla or mandible could be 
with a removable implant overdenture or a fixed implant- 
supported prosthesis. The fixed implant prosthesis would 
be a cement-retained or a screw-retained prosthesis. The 
esthetic and functional outcome of implant prostheses 
depends on good communication between surgeon, 
prosthodontist and technician. Better communication 
would ensure a proper diagnosis and planning of dental 
implant treatment. The prosthodontic fabrication of implant 
prosthesis starts after the recommended osseointegration 
period and involves many procedures. 


Definitive abutments for dental implant 
restorations: 


The implant abutment is the part that is intermediate 
between implant fixture and restoration. They can be 
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¢ The Difference Between The Tooth And Implant. 

¢ Mechanical Complications of Occlusal Overload. 
¢ Types And Principles of Implant Occlusion. 

¢ Basic principles of implant occlusion. 

¢ Platform-matched and Platform-switched Implants 
¢ Principal references and suggested further reading 


classified broadly into two types, abutments used with a 
fixed prosthesis and the other type used with a removable 
prosthesis (Gilio, 1999). 


Abutment used with fixed prosthesis are sub-classified 
into either readymade or castable, straight or angulated 
and screwed or cemented. The abutments used with the 
removable prosthesis include O-ring abutment, magnetic 
attachment, bar attachment and telescopic attachment 
(Philip and Kotick, 201 1). 
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Fig. 69.1 Screw type abutment. (courtesy by Franciso AL) 
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Fig.69.2 Implant retained overdenture with ball & socket style attachments 
(Coronation Dental Specialty Group Wikimedia commons-CC BY-SA 3.0) 
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Fig. 69.3 Type of Dental implant abutments. 
The selection of the proper implant abutment type that satisfies the needs of each case and improves the esthetic 
outcome of restoration is dependent on the following factors: 


|. Implant position and angulation: Ideal implant position will allow the screw access hole to be positioned through 
the cingulum of anterior teeth and the center of occlusal surface of posterior teeth 
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2. Esthetic requirement: All-ceramic abutment and 
conical abutment are used in the anterior area 


3. Lack of inter-maxillary space: The screw-retained 
abutments are employed in case of a limited occlusal 
distance. 


Treatment options for nonparallel abutments: 


|. Place straight abutment and prepare abutment to 
improve the parallelism. 


2. Place angled abutment. 
3. Use metal coping. 


4. Design a custom abutment. 


IMPRESSION TECHNIQUES FOR DENTAL 
IMPLANT PROSTHESIS: 


In implant dentistry, two impression techniques have been 
advocated, closed-tray impression technique (transfer 
technique) and open tray impression technique (pick up 
technique). It was found that the open tray impression 
technique is more accurate (assif et al, 1993, Daoudi et 
al., 2004; Del’Acqua et al., 2008). However, the closed tray 
impression technique has its indications such as limited 
accessibility and patient with a gagging reflex (Chee & 
Jifraj, 2008).The decision as to whether a closed or an 
open impression method should be used is dependent on 
the parallelism, number, and angulation of the implants. 


The open tray impression technique requires a rigid custom 
tray with an open window to allow access to implants. 
This technique involves verification and adjustment of a 
custom tray inside patient’s mouth and fixation of a pick- 
up impression coping to implant fixture with a long screw. 
The impression material is injected around impression 
copings and inside custom tray, and the tray is seated and 
supported gently during the setting of impression material. 
After complete setting of impression material, the screws 
are loosened and impression is removed and rinsed with 
tap water, dried and inspected carefully under the light for 
completeness. Each coping is attached to the appropriate 
implant analog. The resilient material is injected around 
analogs and poured in die stone (Carr, 1991). 


In the closed tray impression technique, the stock tray 
can be used, and the transfer copings remain attached to 
implants inside patient’s mouth after removal of the set 
impression. The copings are removed and connected to 
the implant analogs, and then the coping-analog assemblies 
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are reinserted in the impression before fabricating the 
definitive cast (Carr, 1991). Polyether was recommended 
as the material of choice because Polyether’s rigidity 
provides resistance to coping displacement in the 
impression (Phillips & Goto, 2002). 


Fixed implant restorations: 


The fixed implant restorations replace one or more missing 
teeth, according to the method of retention, they can 
classified into cement retained, and screw-retained implant 
restorations. The cement retained prosthesis is more 
passive and easily controlled option. Therefore, it is a 
more favorable than screw-retained prosthesis. 
Advantages of screw retained restoration include 
greater retention, reduced moment of force, provide 
more vertical space and ease of retrieval 


IMPLANT PROSTHESES FOR EDENTULOUS 
PATIENTS 


The patients always prefer fixed implant prosthesis, but 
the patient should not be promised until the definitive 
treatment plan is formulated. The correct selection of the 
prosthesis design (fixed versus removable) is dependent 
on the proper evaluation of many criteria. The criteria 
includes the number and distribution of implants, bone 
quality and quantity, lip line, facial support and esthetic 
demand (Zitzmann and Marinello,). 


|. The number of implants: 


In mandibular Implant retained overdenture, a 
minimum of two implants is needed when the 
anterior ridge is straight or slightly curved. In a case 
of pronounced curvature of the mandibular ridge, 
more than two implants,up to four implants is 
recommended (Meijer et al., 2009). In the maxillary 
Implant retained over denture, the minimum number 
is 3-4 implants either connected with a bar or using ball 
attachment. The maxillary overdenture supported by 
six implants splinted with a bar is the best treatment 
option that can ensure long-term success (Wilm slot 
et al, 2010). In general, as the quality and quantity 
of the bone is poor, the number of the required 
implants gets increased. 


The implant-supported fixed prosthesis in the 
mandible require a minimum five implants placed 
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between the mental foramina to support 10-12 
units (Chee & Jivraj,2006). In the maxilla, six to eight 
implants can be used to support a fixed prosthesis 
with cantilever pontics JJemt, 1994). 


2. Implant distribution: The implants should be 
placed with a _ sufficient 
distribution to minimize overloading and cantilever 


anterior-posterior 


length. The proper anterior-posterior distribution 
of implants can be guided by using a surgical stent 
made with a diagnostic wax-up. (Jivrajet al.,2006) 


3. Bone quality and quantity: The fixed design of 
prosthesis is used in a case of good quality and 
adequate quantity of the host bone, and 
overdenture design of prosthesis is used when the 
quality and quantity of the host bone is poor 
(Robert & Vogel, 2008). 


4. Esthetic consideration: Patients with high smile 
line and inadequate facial support because of 
advanced residual ridge resorption are candidates 
for implant supported over- denture. In comparison 
to implant _ fixed the 
overdenture is easier, enhances esthetic outcome 
and comes with decreased cost and lesser surgical 
intervention (Robert & Vogel, 2008). 


prosthesis, implant 


Success of implant supported overdenture: 


The failure rate for implants placed in the edentulous 
maxilla is higher than the failure rate for implants placed 
in the edentulous mandible. The success rate for maxillary 
over denture was ranged from 72.4% to 100% (Wim slot, 
2010).If a distinction between the degree of atrophy in 
the maxilla and the bone quality is made, the results show 
that failure in the maxilla is a result of short implants, poor 
bone quality, and an inadequate number of implants. (Wim 
slot, 2010) 


IMPLANT OVERDENTURE: 


Mandibular implant overdenture: 


The mandibular implant overdenture could be implant 
retained, and tissue supported overdenture or implant 
retained and supported overdenture. 
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The two or three implants retained and tissue supported 
over denture is indicated for patients who complain of 
looseness of lower conventional denture, but the residual 
ridge is enough to provide support and stability. The 
four or five implants splinted with bar over denture is 
essentially supported with splinted implants if the 
anterior-posterior spread of the implants is adequate. The 
decision to fabricate a bar overdenture over five 
implants, rather than a fixed detachable restoration, 
usually relates to the patient's ability to maintain proper 
oral hygiene. 


Most studies available on mandibular 
overdentures report a success rate of 92% to 100% for 
two implants overdenture and 97./% to 100% _ for 
four implants overdenture(Isabelle et al., 2014). Four 
implants or more connected with a bar showed the 
highest percentage of survival rate (Isabelle et al., 2014). 


ATTACHMENT FOR IMPLANT SUPPORTED 
OVERDENTURE: 


Types of attachment: 


The available attachments for implant restorations include 
bar and clip, studs, magnets and telescopic attachments. 


ATTACHMENT SELECTION CRITERIA: 


The selection of a suitable attachment that satisfies the 
requirements of each case depends on the factors that are 
mentioned as follows. (Wim slot, 2010) 


Available bone. 
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Patient’s prosthetic expectations. 
Financial status of the patient. 
Personal choice and clinical expertise of the dentist. 
Experience and technical knowledge of the lab 
technicians. 

@ Available buccolingual & inter-arch space. 

@ Alignment of the implants. 

@ Maintenance issue. 
Patients with advanced resorption of the alveolar ridge 
are good candidates for bar or telescopic attachment 
assemblies because these attachments offer a considerable 
amount of horizontal stability. Whereas patients with 
minimum alveolar ridge resorption are good candidates for 
studs or magnetic attachments assemblies. Studs are ideal 
for patients with a narrow ridge because in these cases the 
bar would interfere with the tongue space. 
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Factors influencing the design and resiliency level 
of the attachment assembly: 


@ Shape of the arch. 
@ Distribution of the implants in the arch. 


@ Length of the implants and degree of implant-bone 
interface. 


@ Distance between the most anterior and the most 
posterior implants. 


Selection of the anchorage device: 
Indication for single element: 

¢ A patient with existing denture. 

¢ Geriatric patients. 

@ Temporary use during the healing period. 
Indication for bars: 


@ Complain of inadequate retention with the single 
attachments. 


@ Maxillary overdenture. 

@ Atrophic residual ridge. 

@ When intra-oral defects are present. 

Step by step prosthodontic procedure: 

|. Primary impression with alginate for custom tray 
fabrication (open tray or closed tray) 

2. Mounting the transfer coping and 
impression with custom tray. 


secondary 


<> Lab work: Wax occlusal rim on master cast with 
implant analogues. 


3. Jaw relation record and tooth selection. 
<> Lab work: mounting the casts and tooth setup 
4. Verification of occlusal records: 


<> Esthetic and functional assessment of tooth setup 
with the patient 


<> Indexing for tooth set up to allow for optimal bar 
design 


<> Lab work: correction as determined at try- 
in appointment; bar fabrication 


5. Complete try in and obtain consent of the patient. 


<> Try in of bar assembly, correction of casting if 
passive fit is not obtained. 


<> Lab work: Final corrections, preparation for 
processing the denture. 
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e Assembly of clip/bar components, processing 
the dentures, occlusal equilibration on 
articulator to rectify processing errors. 


6. Delivery of dentures to the patient: Instructions 
regarding handling of the dentures and cleaning 
of implants, dentures, and retentive devices 
information about the maintenance care. A 
baseline radiographis obtained. 


Occlusion of implant-supported prostheses: 


The rule of occlusal overload as a cause of dental implant 
failure is still controversial.Some investigators suggested that 
occlusal overload may contribute to loss of osseointegration 
of successfully integrated implants (Misch, 1995; Naert et 
al., 1992, Shwarz. 2000). The occlusal scheme that adopted 
for dental implant restorations is called implant protected 
occlusion. 


THE DIFFERENCE BETWEEN THE TOOTH AND 
IMPLANT: 


The natural tooth is suspended by PDL while an 
osseointegrated dental implant is in direct contact with the 
bone. The natural tooth possess many advantages due to 
the presence of PDL. 


The mean values of axial displacement of teeth in the 
socket are 25—l00 um, whereas the range of motion 
of osseointegrated dental implants has been reported 
approximately 3—5 um (Sekine et al. 1986; Schulte 1995). 
Upon load, the movement of a natural tooth depends on 
the periodontal compliance (Sekine et al. 1986). In contrast, 
the movement of the implant under load is dependent on 
elastic deformation of the bone. 


A natural tooth moves rapidly 56-108 um and rotates 
at the apical third of the root upon a lateral load (Parfitt 
1960), and the lateral force on the tooth is diminished 
immediately from the crest of bone along the root (Hillam 
1973). On the other hand, under a similar lateral load, 
there is concentration of greater forces at the crest of 
surrounding bone of dental implants without any rotation 
of implants (Sekine al. 1986). 


Therefore, it can be concluded that the Osseo-integrated 
implants would be more susceptible to occlusal 
overloading. 
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Mechanical Complications of Occlusal Overload: 


|. Screw loosening and/or fracture. 


2. Prosthesis fracture. 
3. 


OVERLOADING FACTORS: 


(ey 


2. 


Implant fracture. 


Long cantilever: 

A large cantilever of an implant prosthesis can 
generate overloading, possibly resulting in peri- 
implant bone loss and prosthetic failures (Lindquist 
et al. 1988; Quirynen et al. 1992 Shackleton et al. 
1994). It was found, the cantilever is long if it is 
215mm in the mandible (Shackleton et al. 1994) 
and 2 |0—12mm in the maxilla (Rangert et al. 1989; 
Taylor I991). The suggested maximum cantilever is 
|.5 times the distance between the most anterior 
and the most posterior implants. 


Parafunctional habits/Heavy bite force 
The parafunctional habits (bruxism, clenching) and 
improper occlusal designs were _ significantly 
associated with implant bone failures such as implant 
bone loss, implant fractures, and prosthesis fractures 
(Falk et al. 1989, 1990; Naertet al. 1992; Quirynen et 
al. 1992; 1995). 


The amount of bite force during eating is less than 30 


Rangert et al. 
lbs/inch square and less than 30 minutes. Parafunctional 
forces may generate forces greater than 500 Ibs/inch 


Square and may last for several hours. 


. Excessive premature contacts: 


In several animal studies, it was found that the 
premature occlusal contacts could cause implant loss 
as a consequence of excessive marginal bone (lsidor 
1996, 1997; Miyata et al.2002). 

In a study in monkeys, Miyata et al. found the 
magnitude of premature contact to be more than! 80 
um. While in another study in humans it was found 


to be less than 100 um in humans(Falk et al. 1990). 
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4. Bone quality 


Bone quality has been considered the most critical 
factor for implant success at both surgical and 
functional stages. The occlusal overload in poor-quality 
bone can be a clinical concern and have a detrimental 
effect on implant longevity (Misch 1990). 


TYPES AND PRINCIPLES OF IMPLANT 
OCCLUSION: 


The ideal bite should have point contacts of the maxillary 
posterior lingual cusp tips and the mandibular posterior 
buccal cusp tips to the central fossae or marginal ridges of 
opposing posterior teeth. Forces exerted on the posterior 
teeth should be directed through the long axis of the 
teeth. 


Implant protected occlusion has been proposed strictly for 
implant prostheses (Misch & Bidez 1994). This concept is 
designed to reduce occlusal force on implant prostheses 
and thus to protect implants. 
Modifications of conventional occlusal concepts: 

@ Providing load sharing occlusal contacts. 
Modifications of the occlusal table and anatomy. 
Correction of load direction. 


Increasing of implant surface areas. 
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Elimination or reduction of occlusal contacts in 
implants with unfavorable biomechanics. 


Sd 


Occlusal morphology, guiding occlusal force to 
the apical direction. 


@ Utilizationof cross-bite occlusion. 

@ A narrowed occlusal table. 

@ Reduced cusp inclination. 

@ Moreover, a reduced length of cantilever in 
mesiodistal and buccolingual dimension. 
(Lundgren & Laurell 1994; Misch & Bidez 1994; Misch 


1999) 
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Basic principles of implant occlusion: 


Bilateral stability in centric occlusion. 






Evenly distributed occlusal contacts and force 


Rae 
0(US 
° we 
ie No interferences in RCP and ICP position. 
= 5 
= v Wide freedom in centric occlusion. 
c 0 
= 2 Anterior guidance whenever possible. 
C : 
rt Smooth even lateral excursive movements 
a= without working/non-working interferences. 


Fig. 69.4 Basic principles of implant occlusion 


Weinberg (1998) recommended continuous |.5 mm flat 
fossa area for wide freedom in centric occlusion based on 
his clinical experience. The reduction of cusp 
inclination can decrease the resultant bending moment 
with a lever-arm reduction and improvement of axial 
loading force. 


A reduced cusp inclination, shallow occlusal anatomy, 
wide grooves and fossae could be beneficial for implant 
prostheses. Typically 30-40% reduction of occlusal table 
in a molar region has been suggested, but any dimension 
larger than the implant diameter can create cantilever 
effects and eventual bending moments in single implant 
prosthesis (Rangert et al. 1997) 


Misch (1999a) described that a narrow occlusal table 
also improves oral hygiene and reduces risks of porcelain 
fracture. He further described that the posterior 
maxillary region with buccal bone resorption may 
enforce palatal placement of implants compared with 
the position of natural teeth 


Normal occlusal contour on the palatally placed implant 
may create a_ significant buccal cantilever in a 
biomechanically poor environment (heavy bite, poor bone, 
and poor crown/ implant ratio). In such case, the 
utilization of cross-bite occlusion can avoid the buccal 
cantilever and increase the axial loading (Weinberg 1998). 
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Due to the non-significant mobility during initial tooth 
movement (3—5 um), implants may absorb all heavy biting 
force because natural teeth can be intruded (25-50 
mm) easily with any occlusal force. Misch (1993, 1999a) 
proposed that occlusal adjustments could be performed 
by the elimination of mobility difference between implants 
and teeth under heavier bites. 


Occlusion on full-arch fixed prostheses 


Bilateral balanced occlusion with opposing complete 
denture. 


¢ Group function occlusion or mutually protected 
occlusion with shallow anterior guidance when 
opposing natural dentition. 


@ No working and balancing contact on cantilever. 

@ Infraocclusion in cantilever segment (100 pm). 

@ Freedom in centric (I—I.5 um). 
Occlusion on overdentures 
occlusion 


@ Bilateral balanced 


occlusion 


using — lingualized 
@ Monoplane occlusion on a severely resorbed ridge 
Occlusion on posterior fixed prostheses 
@ Anterior guidance with natural dentition. 
with 


@ Group function occlusion 


canines. 


compromised 


@ Centered contacts, narrow occlusal tables, flat cusps 
and minimized cantilever. 


@ Cross bite posterior occlusion when necessary. 


@ Natural tooth connection with rigid attachment when 
support is compromised. 


Occlusion on single implant prosthesis 
¢ Anterior or lateral guidance with natural dentition. 


@ Light contact at heavy bite and no contact at light 
bite. 


@ Centered contacts (I—I.5 mm flat area). 
@ No offset contacts. 


@ Increased proximal contact. 
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Platform-matched and Platform-switched 
Implants: 


In submerged implants after the exposure of the submerged 
part, an abutment is attached. Microgaps invariably exist 
after attachment. A marginal bone loss of |.5-2 mm in the 
vertical axis and |.4 mm in the horizontal axis with respect 
to micro-gap is seen. This pattern of marginal bone loss 
was observed when the abutment and implant platform 
were matched (Platform-matched Implant). Hence the 
need to restore a larger diameter implant with a narrower 
abutment to keep the microgap away from the marginal 
bone was introduced giving rise to Platform switched 
implants. The results of a meta-analysis by Chrcanovic et 
al suggested that there is a significantly less marginal bone 
loss at implants with platform-switching. 


Principal references and suggested further 
reading: 
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systematic review.Braz Oral Res. 2014;28:74-80 


@¢ Daoudi MF Setchell DJ, Searson LJ. (2004). An 
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Chapter Outline: 


Patient Role. 

Patient’s home care. 

Hygienist Role. 

Clinicians Role. 

Implant maintenance procedures. 

The maintenance of implants determines the long-term 


success. It depends on the patient, the hygienist and the 
clinician. 


Patient Role: 


|. The patient should have an efficacy of 85% plaque 


control. 


2. Use of hand or motorized brushes dipped in 
chlorhexidine. 


3. Use of floss, 
chlorhexidine 


yarns and tapes dipped in 


4. If patient has tooth coloured fillings or composites 
on natural tooth, a cotton swab dipped in 
chlorhexidine should be applied to implant 
abutment or soft tissue junction 


The patient should use all hygiene regimens at least 
once daily. 


Patient’s home care: 


At home implant maintenance and care is a 
must. The patient must be regularly instructed to 
maintain oral hygiene regime initiating at the time of 
implant exposure. 
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e Instrument selection. 

e Criteria for selection. 
Implant Maintenance visit. 
Review Questions 


Principal references and suggested further reading. 


Toothbrush: 
e lt can be manual or automatic. 
e It should be either soft or extra soft. 


e Tufted brushes are available which are useful in 
posterior lingual region. 


Floss: 


e It should be used with gentle insertion and motion 
to avoid tissue trauma. 


e Post Care® is a braided flossing cord, more rigid 
than a conventional floss and can remove denser 
plaque, debris and calculus that is not too tenacious. 


e Proxi-FlossTM is an elastomeric material made up of 
hundreds of semi-circular flanges that bend and flex 
to remove plaque and debris or can be used to apply 
chemotherapeutic agents. 


Interdental aids: Common brush designs — straight or 
cone shaped. 


Foam tips can be used to apply chemotherapeutic 
agents. 
Proxi-TipIM is 
stimulator. 


brush and 


yy 


used as_ interproximal 
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Oral irrigation: Hydrofloss® should be used at lowest 
setting to avoid undue pressure on the implant tissue 
cuff. The flow of irrigation should be aimed to pass 
through contacts and never directed into the tissues. 
Chemical plaque control: Use of Chlorhexidine 
mouth rinse. 


BRUSHING 


e Brushing twice daily with a 
soft toothbrush. 


INTERPROXIMAL 
RSA Te 
e Floss, dental tape and even 


pieces of gauze can be used 
to clean the implants 
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CHEMICAL PLAQUE 
CONTROL 


WATER IRRIGATION 


¢ The interimplant spaces can 
elo iada lee) carom ide mee 

alow: ) <=) me) ate] gen dat | teh oo 
the nozzile should be directed 


e Chlorexehidine mouth rinse is 
used during the healing phase 
of the implant surgery. 

e|t is also used as an adjunct to 
mechanical plaque control to 
prevent the plaque built up. 


horizontally towards the 
implant surface. 





Fig. 70-|: At-Home Implant maintenance and care 


Hygienist Role: 


|. Hygienist should check for plaque control efficiency 


aiming for 85% plaque removal. 


2. Check for inflammatory changes like bleeding, 
purulence or swelling 


3. If pathologic changes are present, hygienist should 
probe gently with plastic probe. 


Should scale supragingival only with plastic scalers. 


5. Check for problems such as loose superstructure, 
broken screws and sore spots under the prostheses. 


6. Need not probe if no pathology is present. 


Clinicians Role: 
|. Keep the patient on a recall basis every 3 to 6 
months depending on patient’s oral hygiene status 
2. Check for 85% plaque control effectiveness.. 


3. Expose radiographs every |8 to 24 months to check 
for any osseous changes as required based on 
pathology. 
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4. lf superstructure is retrievable, remove and clean the 
ultrasonic every |8 to 24 months in an ultrasonic solution 


5. If implant needs to be repaired, degranulate, detoxify 
and graft it with GBR if necessary. 


6. The clinician should wait for I0 to 12 weeks before 
placing the implant back into full function. All repair 
procedures must be documented with radiographs and 
photos for legal purposes. 


For evaluation of probing depth around implants, a 
non-metallic probe with a standardized measurement 
device can ensure consistent pressure on each time of 
probing. Because there is no CEJ, the standard reference 
point can be used as base of the prostheses at the implant 
restoration junction. 


IMPLANT MAINTENANCE PROCEDURES: 


Instrument selection: 


The smooth surface of the titanium has to be 
maintained without any pits and scratches by instruments, 
as it is important to prevent plaque accumulation. 


Hence, stainless steel, titanium dipped instruments, 
cavitron, sonic scalers and air polishing systems should not 
be used as it can scratch the titanium surface. 


Criteria for selection: 


n Instruments should be non-metallic. Metallic 
instruments can scratch the titanium surface. Hence, 
the instruments can be made of plastic, nylon coated 
or Teflon coated which are safe on implant surfaces. 


=" A plastic sleeve over a sonic scaler can be used 
Safely. 


# Instrument design should not be bulky 

# Should be either disposable / able to be sterilized 
= Cost effective 

# Should be rigid so as to withstand pressure 

= Should be adaptable in implant sulcus 

= It should have the ability to be sharpened. 


# Instruments containing graphite fillers can be used to 
debride the crown supported by Implants and not the 
titanium structures as they can damage them. 


# Polishing of implants can be carried over with rubber 
cup and nonabrasive polishing paste. 
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IMPLANT MAINTENANCE VISIT: 


The maintenance visit should include: 

» The patient’s medical and dental history update. 

= Change in smoking status should be recorded. 

= Review of the patient’s oral hygiene. 

# Clinical and radiographic examination of the 
implants and peri-implant tissues. 

= Evaluation of implant stability. 

= Removal of peri-implant plaque and calculus if 
present. 

» Setting maintenance intervals. (Gulati et al.) 


Plaque and 
calculus 
assessment 


Radiographic 
Eola alod ale 


Instrumentation 
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Hultin et al. identified the possible role of 
maintenance therapy in peri-implant tissue stability. 
Monje et al. in a systematic review showed the positive 
impact of maintenance therapy on peri-implant tissue 
health. They concluded that the maintenance therapy 
should be tailored to patients risk profiling. However, 
they suggested that the reasonable interval for recall to 
be 5 to 6 months. 


Bleeding and 


Recession 
suppuration 


Percussion 
sensitivity 


Fig 70-2: Ten point inspection in Implant maintenance protocol (Alani & Bishop) 


Review Questions 
Short notes: 
|. Write a short note on Implant maintenance. 


Principal references and suggested further 
reading: 


= Alani A, Bishop K. Peri-implantitis. Part 2: Prevention and 
maintenance of peri-implant health. Br Dent J. 2014 
Sep;217(6):289-97. 

= ~~ Arai K, Takeda Y, Mori Y, Terauchi R, Furumori T, Tanaka S, 
Miyake T, Baba S, Kawazoe T. Analysis of factors associated with 
maintenance discontinuation in implant patients. Springerplus. 
2015 Dec 12; 4:767. 
de Araujo Nobre M, Cintra N, Malo P. Peri-implant maintenance 
of immediate function implants: a pilot study comparing 
hyaluronic acid and chlorhexidine. Int J) Dent Hyg. 2007 
May;5(2):87-94. 


= Gulati.M, Govila V, Anand V, Anand B. Implant Maintenance: 
A Clinical Update. International Scholarly Research Notices. 
Volume 2014, Article ID 908534, 8 pages 

= Hultin M, Komiyama A, Klinge B. 2007. Supportive therapy 
and the longevity of dental implants: a systematic review of 
the literature. Clin Oral Implants Res. |8(Suppl 3):50-62. 

= Monje A, Aranda L, Diaz KT, Alarcon MA, Bagramian RA, 
Wang HL, Catena A. Impact of Maintenance Therapy for the 
Prevention of Peri-implant Diseases: A Systematic Review and 
Meta-analysis. J Dent Res. 2015 Dec 23. pii: 
00220345 15622432. [Epub ahead of print] 

= Neumann MG, Takei H, Klokkevold PR, Carranza FA. 
Carranza’s Clinical Periodontology: | Ith Edition, Saunders, 
Elsevier 

_ 8 Nild-Gehrig, Jill S. Fundamentals of Periodontal 
Instrumentation and Advanced Root Instrumentation. 5th 
edition.2004 Lippincott Williams and Wilkins 
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Chapter Outline: 


¢ Implant Complications ¢ Complications Related to Augmentation Procedures 
— Types of Implant Complications — Autogenous Bone Harvesting or Graft 

— Surgical complications — Guided Bone Regeneration 

— Biologic complications — Sinus Bone Augmentation 

— Complications related to augmentation ¢ Complications Related to Placement and Loading 
procedures Protocols 

— Complications related to placement and loading §— Immediate Implant Placement (IIP) 
protocols — Immediate Loading after Implant Placement 

— Prosthetic or mechanical complications ¢ Prosthetic or Mechanical Complications 

— Aesthetic and phonetic complications ¢ Aesthetic And Phonetic Complications 

— Medicolegal issues related to implant — Aesthetic Complications 


complication — Phonetic Problems 


— Peri-implant Mucositis and Peri-implantitis ¢ Medicolegal issues related to implant complications 
— Peri-implant mucosa ¢ Explantation of dental implants 
— Peri-implant mucositis — Conclusion 
— Clinical features ¢ Review questions 
— Histopathological features — Essay questions 
¢ Peri-Implantitis — Short notes 
— Retrograde peri-implantitis ¢ Principal references and suggested further reading 
— Management 
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A successful implant is defined as an implant with no 
discomfort, no pain,no mobility, no radiolucent peri-implant 
areas, and acceptable bone loss ranging from 0.2 mm to |.0 
mm during the first-year implant placement(Roos-Janasaker 
& Sennerby). 


Implant dentistry involves the risk of complications that 
can occur with reasonable care. It can become significant 
in terms of time, energy, and cost for both the patient and 
the dentist. 


Though the dental implants have a long-term predictability, 
complications do occur in some percentage of cases. 


The clinician placing dental implants must be prepared for 
the possibility of potential complications. They can be minor 
or major and reversible or irreversible. Also, the dentist 
should consider the use of written informed consent in 
which the potential complications are identified. 


TYPES OF IMPLANT COMPLICATIONS 
( Modified from Carranza): 


SURGICAL COMPLICATIONS: 
@ Haemorrhage and Hematoma. 
@ Neurosensory Disturbances. 
@ Implant malposition. 
@ Incision line opening. 
@ Air Emphysema or Embolism. 
BIOLOGIC COMPLICATIONS: 
@ Inflammation and Proliferation. 
@ Dehiscence and Recession. 
@ Peri-implantitis and Bone Loss. 
@ Implant Loss or Failure. 


COMPLICATIONS RELATED TO 
AUGMENTATION PROCEDURES: 


@ Autogenous Bone Harvesting or Grafting. 
@ Guided Bone Regeneration. 
@ Sinus Bone Augmentation. 


COMPLICATIONS RELATED TO PLACEMENT 
AND LOADING PROTOCOLS: 


@ Immediate Implant Placement. 


@ Immediate Loading after Implant Placement. 
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@ Implant Placement Using a Flapless Approach. 


PROSTHETIC OR MECHANICAL 
COMPLICATIONS: 


@ Screw Loosening and Fracture. 
@ Implant Fracture. 
¢ Fracture of Restorative Materials. 


AESTHETIC AND PHONETIC 
COMPLICATIONS: 


@ Aesthetic Complications. 


@ Phonetic Problems. 


MEDICOLEGAL ISSUES RELATED TO IMPLANT 
COMPLICATION: 


SURGICAL COMPLICATIONS: 


Complications after surgery include injury to nearby 
structures including teeth and nerves, severe haemorrhage 
and iatrogenic fracture of jawbones. Complications like 
infection and hematoma may also arise after surgery. 


Haemorrhage and Hematoma: 


Bleeding during surgery is expected and is easily controlled. 
Life-threatening haemorrhage is relatively rare, but it is 
a potential complication that one must be aware of its 
existence and have knowledge regarding its treatment. 


The cause of the life-threatening haemorrhage is from 
significant internal bleeding in the floor of the mouth 
usually caused by the perforation of the lingual cortical 
plate. It is followed by a related swelling of the floor of 
the mouth and the tongue which causes respiratory 
obstruction. Depending on severity and location, bleeding 
may be immediate i.e. during the surgery or may be delayed 
occurring | to 6 hours later after initial bleeding has been 
arrested. 


Two major arteries supply the floor of the mouth; the lingual 
artery and the facial artery or its branch the submental 
artery. It is important to determine the source of bleeding 
to control the situation. 


lf the bleeding source is from lingual artery, pulling out 
the tongue compresses the artery against hyoid bone and 
decreases flow to this vessel. 

If the bleeding is from submental artery, pressure against 
interior and the lingual aspect of the mandibular notch in 
front of the masseter muscle will reduce the flow. 
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Prevention is the key. The clinician should be aware of the 
undercuts which may be well appreciated by CT scan and 
the palpation of the lingual plate at the time of surgery is a 
must. 


A stop can be used on the dental drill at desired location 
to avoid such injuries. 


Neurosensory Disturbances: 


Nerve injury is a serious complication of implant surgery. 
The important nerves are inferior alveolar nerve and lingual 
nerve. 


The nerve damage can lead to transient or lasting 
neurosensory changes. The nerve can either be compressed 
by the implants or could be cut or torn or punctured by 
drilling. lt can present as 


¢ Hypoesthesia — Neuropathy is defined by an 
impaired sensory function that is sometimes 
associated with phantom pain. 


¢ Hyperesthesia — Neuropathy is defined by the 
presence of pain phenomena with minimal or no 
sensory impairment. 


The usual unpleasant sensations described by the patient 
include numbness, sharp and constant pain, itching, tingling, 
burning, throbbing, warm and cold. They are most often felt 
on mandibular lip, chin and anterior gingiva and may show 
tongue symptoms with loss of taste. 





Fig. 71.1: Peri-implant bone loss and failure to integrate 
in #24 & #27. Mesially angulated #47 and is close to 
inferior alveolar canal (Courtesy: Dr.AbdulNasir Maqbool 
Ahmed) 


Implant malposition: 


Implant malpositioning in the alveolus can give rise to 
aesthetic complications. Complication related to the 
placement of implant in the alveolus in a proper three- 
dimensional geometry are as follows: 
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|) Coronoapical:- 


(a) if the implant is not inserted deep enough into 
the tissue, the metal implant shoulder becomes 


visible, causing poor aesthetic, 


(b) 


if the implant is placed too deep into the tissues 
will lead to bone resorption. 


2) Mesiodistal:-VWhen an implant is placed too close to 
an adjacent tooth it can cause reduced papilla and this 
complication is caused by the crestal bone modelling 


process during healing and after implant placement. 


3) Orofacial:- (a) implant placed too far palatally, will 
lead to a ridge-lap design of the implant making it 
difficult to maintain optimum plaque control, (b) 
implant placed too far facially, will lead to severe 
aesthetic complication by disturbing the entire 


normal gingival architecture. 


Implant malpositioning can occur as a result of poor 
treatment planning before the implant surgery, lack of 
surgical skill or poor communication between surgeon and 
the restorative dentist. It can lead to a restorative failure. 


| ‘ 





Fig. 71.2 Implant malposition 
(Courtesy: Dr.Abdul Nasir Maqbool Ahmed) 
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Fig. 71.3 Implant malposition 
(Courtesy: Dr.Abdul Nasir Maqbool Ahmed) 


Incision line opening: 


This is one of the most common _ post-operative 
complication. If a minor opening is observed, the cause 
should be determined. 


If the design of the removal interim prosthesis is involved, 
it should be corrected. Patient is asked to rinse three times 
with chlorhexidine and gently debride the incision line with 
moist sponge 


Air Emphysema or Embolism: 


Application of instruments using high-pressure air spray 
during surgery always carries a risk for air emphysema. The 
spray should always engage at 45-degree angle. It should 
not be directed parallel to the surface of implant under any 
circumstance. 


Improper use of high-pressure air spray can escape the air 
through the surgical site into the medullary spaces, then 
to facial and pterygoid plexus, superior vena cava and right 
atrium and hence can lead to fatal air embolism. 


This can be prevented by using speed turbine drill with 
lateral escape route and the suction can be placed close 
to the drill which exerts a negative local pressure that 
eliminates any risk for air embolism. 


BIOLOGIC COMPLICATIONS: 


Pathological impact on the hard and soft tissues surrounding 
the implant should be considered. The most frequent soft 
tissue response is inflammation to bacterial accumulation 
around the implant. 
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Inflammation and Proliferation: 


The reaction of peri-implant tissues to bacterial 
accumulation is a dramatic inflammatory proliferation. 
This can be indicative of either a loose fitting implant 
to abutment connection or trapped excess cement that 
remains buried within the soft tissue space or pocket. 


The precipitating local factor becomes infected with 
bacterial pathogens leading to mucosal hypertrophy and 
proliferation. Correction of the etiologic factor quickly 
resolves lesion. 


Dehiscence and Recession: 


Dehiscence is caused due to application of abnormal force. 
It may also be due to mastication or brushing on the area 
of surgery suture-line leading to the entrapment of food 
debris under the flap. 


Recession is a common finding especially when soft tissues 
are thin and not well supported. The problem is of concern 
in the aesthetic areas. Peri-implant soft tissues are entirely 
dependent on surrounding bone for support. 


Soft tissue thickness accounts for some soft tissue height, 
but there are no supracrestal inserting connective tissue 
fibres to aid in the soft tissue support around an implant. 


The height of soft tissue around the implant usually does 
not surpass 3-4mm. Recession could result in bone loss 
around the implants. 





Fig. 71.4 Buccal bone fracture due to 
insufficient bone(Courtesy: Dr. Abdul Nasir 
Maqbool Ahmed) 
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Fig. 71.5 Undercut at the osteotomy site 


Peri-implantitis and Bone Loss: 


Peri-implantitis is defined as an 
process affecting the _ tissues around”~ an 
osseointegrated implant in function, resulting in 
loss of supporting bone. (Mombelli &Lang NP) It is 
diagnosed by clinical signs, careful probing and 
radiographic examination. 


inflammatory 


A classic trough type defect is typically associated with peri- 
implantitis. The risk indicators of peri-implantitis are poor 
oral hygiene, a _ history of periodontitis, diabetes, 
cigarette smoking, and alcohol consumption and nature 
of implant surface. 


Etiologic Factors: 


Two primary etiologic factors are acknowledged today as 
causative in peri-implant marginal bone loss: 


Bacterial infection. 


@ Biomechanical overload. (Quirynen et al. 1992, 


Rangert et al. 1995). 
Biomechanical Overload: 
Biomechanical overloading in the coronal aspect of the 
interface between the implant and the bone leads to 
micro-fractures and even bone loss. This can progress into 
movement of epithelium and connective tissue in apical 
direction. 


Occlusal loading accompanied with marginal infection is 
followed by bone loss similar to periodontal disease around 
natural teeth. The frequency and magnitude of the occlusal 
load along with attack by bacteria can influence the speed 
and degree of this bone loss around the implant. 
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Peri-implant Complications ) 
Peri-implantitis associated with occlusal overloading is 
expected to rise in 


@ Implant placement over bone of deprived quality or 
inadequate host bone. 


@ Unfavourable load transmission above the surface of 
the implant. 
<> The position of the implant. 
<> The total quantity of implants. 

load or with 


@ Patient with substantial occlusal 


parafunctional habits. 


@ Improper fit of the prosthetic superstructure over 
the implants. 


Traumatic Surgery. 


Tobacco smoking. 


e¢ + 


Exposure of implant surface during placement 
¢ Compromised host immune response 
Bacterial Infections: 


Most authors have assumed that peri-implant diseases 
(mucositis, peri-implantitis) are comparable to periodontal 
diseases in that they are primarily plaque-induced. Due 
to plaque accumulation over the implant surface, there is 
a large inflammatory cell infiltrate into the sub-epithelial 
connective tissue. [here is ulceration of epithelium and loss 
of adherence.With apical migration of the plaque, signs of 
disease activity can be noted clinically and in radiographs. 
However, the disease is more severe around implants than 
around neighboring teeth. 


Peri-implant lesions can extend into the supracrestal 
connective tissue and also involve the bone marrow which 
is unlikely in tooth-associated lesions. This disease severity 
could be due to the reduced vascularity of the soft tissue 
band and alteration in the ratio of collagen and fibroblasts 
of gingival tissue around the implants. 


The new “hard tissue” surface presented to the oral 
environment by the implant provides a surface for the 
attachment of salivary proteins, peptides and other 
substances which form a pellicle that is quite similar to 
the pellicle formed on natural teeth. The pellicle provides 
receptors for the adhesins on specific species of oral 
bacteria that form the early colonizers of the implant. These 
species appear to be similar to those that colonize the 
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teeth and include members of the genera Streptococcus, 
Actinomyces, and Veillonella. 


Initially, the microbial composition of biofilms on healthy 
implants may be similar to the films noted in adolescents 
with teeth and healthy periodontium. With time, varying 
from months to years, the implant microbiota becomes 
more complex. 


Pockets may develop around the implant, which harbour 
increased numbers and proportions of orange and red 
complex species analogous to the increase in these species 
in deep periodontal pockets adjacent to natural teeth. 


The development of peri-implantitis appears to be 
accompanied in large part by an increase in bacterial species 
such as P. gingivalis, I. Forsythia andA.actinomycetemcomitans, 
as well as additional taxa including staphylococci and 
enteric rods. 


The microbiota colonizing clinically healthy implant in fully 
edentulous subjects was very similar to the microbiota 
associated with healthy periodontal sites in periodontally 
healthy subjects (Socransky & Haffajee 2005). 


The microbiota of implants in partially edentulous subjects 
who have had periodontitis appears to harbour more 
periodontal pathogens than the microbiota at implants 
in partially edentulous subjects without periodontitis and 
implants in fully edentulous subjects. The presence of these 
species appears to increase the long-term risk for peri- 
implantitis in subjects with a history of periodontitis. 


Peri-implant Mucositis and Peri-implantitis: 


Peri-implant disease is the _ inflammatory 
processes in the tissues surrounding an implant. 
(Albrektsson & Isidor 1994). 


Peri-implant mucosa 


The mucosa surrounding implants is lined with a keratinized 
oral epithelium; at clinically healthy sites this is continuous 
with a thin non-keratinized barrier or junctional epithelium 
that faces the implant or the tooth surface. 


In the connective tissue immediately lateral to these thin 
epithelial linings, small infiltrates of inflammatory cells 
(neutrophils, macrophages, T cells, B cells) are frequently 
seen (Liljenberget al. 1997). 
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The inflammatory cells represent the host defence 
against bacterial products. They may be considered as one 
important component of the biological seal that separates 
the peri-implant and periodontal attachment tissues from 
the oral cavity. 


Peri-implant mucositis: 


It is a reversible inflammatory process limited to 
soft tissues surrounding a functioning implant but 
does not involve bone loss. 


Clinical features: 


The clinical features include swelling and redness. Bleeding 
on probing is a good discriminating indicator of peri-implant 
mucositis. 


Differences in the morphology of the peri-implant mucosa 
and the lack of light transmission through the metal of the 
device,may mask visible signs of inflammation. 


Assessment of peri-implant mucositis must therefore 
always include assessment of bleeding following probing. 


Prevalence: Of Bleeding on probing(BOP) — 73% to 
90% (Berglundhet al. 2002, Roos-Jansakeret al. (2006), 
Fransson et al. (2007). Higher frequencies of BOP at 
implants were presented by Franssonet al. (2007) in a 
study on 82 subjects. It was reported that bleeding on 
probing occurred in more than 90% of implant sites. 


Histopathological features: 


B cells and neutrophils are in increased proportions in 
the peri-implantitis lesions. An epithelial lining between 
the lesion and the biofilm is also absent in peri-implantitis 
lesions. These features are different than that of periodontitis 
lesions. 


Lesions in the peri-implant mucosa expand and progress 
“apically” compared to gingival lesions. It is because 
peri-implant mucosa contains a much smaller number of 
fibroblasts than the gingiva. 
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Risk Indicators of Peri-implantitis 


Dental History 
History of Periodontitis 0 1 


Systemic diseases 


0 2 Uncontrolled Diabetes 


Habits 


O4 Tobacco Smoking 


Plaque control 


Poor plaque control 0 3 


Genetics 


Interleukin (IL)-1 genotype 0 5 
Status (?) 





Fig. 71.6 Risk indicators of Peri-implantitis (Greenstein et al.) 


Bleeding or 
Suppuration on 
probing (or both) 


Progressive bone 
loss beyond 
physiological 


Pocket depths 
greater than 4 
millimeters 


bone remodeling 


TA be 
implantitis 





Fig. 71.7 Clinical features of peri-implantitis 
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Clinical features: 


Peri-implantitis represents a clinical condition that 
includes the presence of an inflammatory lesion in 
the peri-implant mucosa and loss of peri-implant 
bone.(Sirajuddin et al. 2015) 

Probing is, therefore a prerequisite in the examination 
of peri-implant tissues because of varying clinical 
presentations 

@ Swelling and redness. 

@ Bleeding on probing: 

@ Suppuration: It reflects the presence of underlying 
infection and may or may not indicate the presence 
of an ongoing bone loss. 

@ Pockets with increased probing depths (PPD) 


@ Bone loss in radiographs 

@ Implant mobility is not present, if present it 
indicates complete loss of integration and that the 
implant has failed and it must be removed. 


@ Crater-shaped defects around implants is the most 
common feature (similar amount of bone _ loss 
occur at mesial, distal, buccal, and lingual aspects 


of the implants.) 


If left untreated, it leads to loss of an implant. 
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Assessments of BOP suppuration, and PPD must 
be made at four surfaces (mesial, buccal, distal, and 
lingual) of each implant while radiographic evaluation is 
limited to mesial and distal aspects. 


Classification — Peri-implantitis 


Table 71.1: Classification of Peri-implantitis: (Forum & 
Rosen 2012) 


PD24 mm (bleeding and/or suppuration on 
Early probing). 
Bone loss <25% of the implant length. 
PD26 mm (bleeding and/or suppuration on 
probing). 
Bone loss 25% to 50% of the implant 
length. 
PD28 mm (bleeding and/or suppuration on 
probing). 


Moderate 


Advanced 
Bone loss >50% of the implant length. 


Note: 


@ Probing is carried out on two or more aspects of 
implant. 


@ Measured on the earliest available radiographs 
following loading. 


Table 71.2: Classification of Peri-implant mucositis and Peri-implantitis (Ata-Ali et al. 2015): 


Classification of Peri-implant mucositis: 


Probing pocket depth < 4 mm and Bleeding on probing and/or 


Stage 0A 


Suppuration, with no signs of loss of supporting bone following 


initial bone remodeling during healing 


Probing pocket depth > 4 mm and Bleeding on Probing and/or 


Stage OB 


Suppuration, with no signs of loss of supporting bone following 


initial bone remodeling during healing 


Classification of Peri-implantitis: 


Stage | 
Stage Il 
Stage Ill 


Stage IV 


Bleeding on probing and/or suppuration and bone loss $ 3 mm 
beyond biological bone remodeling 

Bleeding on probing and/or suppuration and bone loss > 3 mm 
and < 5 mm beyond biological bone remodeling 

Bleeding on probing and/or suppuration and bone loss 5 mm 
beyond biological bone remodeling 

Bleeding on probing and/or suppuration and bone loss 50% of 
the implant length* beyond biological bone remodeling 


* Depending on implant length, if peri-implantitis can be classified as simultaneously corresponding to more than one 


stage, the most advanced stage should be chosen. 
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Prevalence: 


It varies between 5 to 10% among_ implants 
associated with high plaque scores or severe signs of 
inflammation(VanSteenbergeet al. 1993; Weyant & Burt 
1993;Weyant 1994; Esposito et al. 1998). 


Histopathology 


Peri-implant mucosa contained large inflammatory cell 
infiltrates with numerous neutrophils and granulocytes 
(PMN cells). The lesion extended to an area apical to the 
pocket epithelium and further down to frequently reached 
the bone tissue."“Pockets” were dominated by Gram- 
negative and anaerobic species (Leonhardtet al. 1992). 


Progression of peri-implantitis was more pronounced at 
implants with a moderately rough surface than at implants 
with a polished surface. 


Retrograde peri-implantitis: 


This is also termed as traumatic failure. The bone loss 
is evident on the radiograph and may be due to micro- 
fractures in the bone. This is caused by 


# premature implant loading or 

@ overloading or 

off long axis loading or 

lateral functional loading 
Microbiota in such cases is primarily composed of 
Staphylococci (non-pathogens). 

Management 
Depending on the etiology of the problem, specific 
treatment is selected. The goal of therapy is 


@ The suppression of the opportunistic pathogens 
associated with the infection. 


@ To set up a favourable resident microflora and 
surroundings to maintain health. 


Peri-implant disease due to biomechanical overload is 
managed in two stages 


@ First stage — Analysis and management to arrest 
disease progression 


<> Occlusion. 
<> Fitting of the prosthesis. 
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<> Changes in prosthetic design. 


<> Changes in implant number or position, if 
needed. 


@ Second stage - surgical phase. 


Peri-implant disease due to bacterial infection is managed 
in stages. 


First stage — Control of acute infection and reduction 
of inflammation 


<> Mechanical debridement 
<> Localized or systemic antibiotics 
<> Oral hygiene maintenance 

@ Second stage — Surgery 


<> Surgical removal of deep peri-implant pockets of 
soft tissue 


<> Surgical 
implant. 


regeneration of bone around the 


Mechanical debridement: 


lt should be limited to the coronal part of the implant at or 
above the mucosal margin. It will be difficult for a clinician 
to detect and remove calculus located below the mucosal 
margin because of the geometry of the implant with 
different thread designs. There can be a risk that deposits 
may be dislodged and become displaced into the mucosa. 


Hence,the subgingival scaling in peri-implantitis is a blind 
procedure and has to be accomplished only after adequate 
reflection of the flap. 


The instruments used for mechanical debridement are 
@ Plastic curettes for calculus removal. 
@ Ultrasonic curettes with plastic sleeves on them. 


Steel curettes or ultrasonic scaler with metal tips should 
not be used because they may cause severe damage to the 
implant surface (Matarasso et al. 1996). 


The plaque is removed by polishing the implant surface 
with rubber cups and a polishing paste. 


Antiseptic therapy: 


A 0.2% solution of chlorhexidine digluconate for daily rinsing 
and Sub-gingival irrigation of all peri-implant pockets with 
0.12% chlorhexidine is prescribed. The irrigation cannula 
should be non-metallic, rounded tip with side escape portals 
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or a 0.2% gel of the same antiseptic is recommended for 
application to the affected site. 


3—4 weeks of antiseptic therapy are necessary to achieve 
positive treatment results. 


Antibiotic therapy: 


The goal of antibiotic therapy is to eradicate or diminish 
the pathogens in the pocket which in turn, allows soft 
tissue healing. (Mombelli and Lang!992). 


Antibiotics can be either systemically administered or 
locally delivered. They include metronidazole, 
tetracycline, doxycycline and minocycline. 


A controlled- release device such as tetracycline-containing 
periodontal fibre (Actisite®)can be used to obtain 
a therapeutic effect. 


Minocycline microspheres (Il mg Arestin®; Orapharma, 


Johnson & Johnson) have been used as a controlled- 
release device in peri-implant pocket by means of a 
syringe. These beads stick to the lateral walls of the 
pocket and to the implant surface. This provides 
sufficient substantivity for upto two weeks, which is 
enough to penetrate the bacterial plaque. 


Surgical Techniques for Treatment of Peri- 


implantitis 


The choice of treatment is based on the nature and extent 
of the bony defect. Probing and bone sounding should be 
done under local anesthetics. Radiographic evaluation is 
critical before concluding the surgical technique. 


The decision should be made for implant removal or 
resective surgery or regenerative surgery. 


@ Resective surgery can be applied to decrease pocket 
depth, alter the unfavorable bone architecture, 
modify the rough surfaces of implants and enhance 
the amount of keratinized gingiva. 


@ Regenerative surgery aims to diminish pockets by 
regeneration of destroyed bone. 


@ Systemic antibiotic therapy (Doxycycline and 
Metronidazole) should be prescribed, if needed for 
patients with peri-implantitis in close proximity to 
bone marrow. 
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Regenerative or resective therapy: 


This therapy is instituted only after the peri-implant 
infection is under control. It must be realized that the goal 
of regenerative therapy, use of barrier membranes, is de 
novo osseointegration or re-osseointegration. 


Re-osseointegration can be defined as the growth of 
new bone in direct contact to the_ previously 
contaminated implant surface without an intervening 
band of organized connective tissue. (Thakral et al.) 


Accessed by a full-thickness or split-thickness periodontal 
flap. Curettes are used to remove the granulation tissue 
and lining epithelium of the peri-implant pocket. The 
implant surface should not be damaged or contaminated 
during this procedure. Plastic curettes are used to remove 
deposits of plaque or calculus from the implant surface. The 
entire treatment site is rinsed with sterile saline before 
flap closure. 


Implant surface can be cleaned with 30-60 seconds of a 
Prophy-Jet device. This device used abrasive powder 
under high pressure to eradicate the infectious deposit 
from the surfaces of implants. In-vitro studies did not 
show any adverse effect on adhesion of gingival 
fibroblasts on titanium surfaces after this treatment. Bass 
et al have used sodium hydrocarbonate and sterile water. 


In a review by Sanchez-Garces & Gay-Escoda(2004), 
they concluded that bicarbonate air-powder abrasion 
systems and physiological saline obtained the best results 
for eliminating endotoxins and debris from all implant 
surfaces. 


A submucosal air polishing of the implant surfaces with 
glycine powder through a nozzle in contact with the implant 
surface is done to improve the efficacy of nonsurgical 
treatment of peri-implantitis Schwarz et al have reported 
that air polishing showed substantial progress in non- 
surgical management of peri-implant diseases. 


Zablowsky et al reported that citric acid treatment for 
30-60 seconds had the utmost possibility of removing 
microbial deposits from the implant surface. 


Peri -—Implant Resective Therapy: 


Osseous resection with Apically positioned flap (Full or 
split-thickness) — it is used for 


@ Horizontal bone loss. 
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@ Reduction of pocket depth. 
@ Moderate vertical bone defects. 


After reflecting the flap, the bone defect should be 
degranulated. The implant should not be contacted with 
metal instruments. 


The implant surface is treated with chemicals and air 
polishing for one minute. The site is irrigated with sterile 
saline. Supersaturated citric acid is smeared for 30 seconds 
and irrigated again with sterile saline. 


Mechanical 
elimination of 


surface 
roughness 


Mechanical 
elimination of 
the implant 
thread. 
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Implantoplasty: 


The rough surface of the implant may get exposed after 
management of peri-implant disease. This surface has a 
tendency to gather bacterial plaque. Hence, this rough 
surface should be smoothened and polished. 


The plasma spray coats or threadings on the implant surface 
are ground with diamond stones and abundant coolants. 
Finishing is done with rubber disks(Jovanovic 1990). 


Lazada et al have reported that this procedure decreased 
plaque buildup and enabled easier plaque control. 


Implantoplasty 





Fig. 71.8 Implantoplasty 


Implantoplasty has been shown to result in improvements 
in clinical and radiological parameters when compared with 
those without implantoplasty and a 100% implant survival 
after 3 years. (Romeo et al.) 


Peri-implant regenerative therapy: 


Guided Bone Regeneration (GBR) and bone grafts are used 
successfully in management of peri-implant bone loss. 


Many studies of GBR use a non-resorbable expanded PTFE 
membrane for management of bone defects during implant 
engagement or around deteriorating implants. 


It is advised to remove the implant prosthesis 4 to 8 weeks 
prior toregenerative surgery. Proper oral hygiene permits 
the soft tissue to collapse around the implant and the new 
cover screw. This intact soft tissue flap establishes a good 
seal after regenerative surgery and enhances bone healing. 


Flap is reflected with a crestal incision. The implant surface 
is treated with chemicals and air polishing similar to earlier 
techniques. 


The GBR membrane should extend 3-4 mm beyond the 
bony defects. The trimmed membrane is punched with a 
3mm hole in the center to accommodate the fixtures. The 
entire defect is covered with the GBR membrane with an 
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underlying space to help in healing. In cases of large defects, 
bone fillers like Hydroxyapatite or Demineralized freeze- 
dried bone is packed under the membrane. The flap is then 
sutured closely to the implant neck. 


The surgical phase is supported by the systemic antibiotic 
therapy - 250 mg tetracycline QID for 7 days.After 35 — 56 
days, the GBR membrane is removed with care without 
disturbing the newly laid osteoid. Oral hygiene maintenance 
regimen is initiated. 


Cumulative 
(CIST): 


Depending on the clinical and radiographic diagnosis, 
protocols for preventive and therapeutic measures were 
designed to intercept the development of peri-implant 
lesions. 


Interceptive Supportive Therapy 


This system of supportive therapy is cumulative in nature 
and contains four steps. Each step is a sequence of 
treatment that reduces the infection based on the severity 
and extent of peri-implant disease. Lang et al have stressed 
the importance of diagnosis in this supportive therapy, as 
these steps should not be used as individual techniques for 
management. 
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Clinical parameters: 
@ Presence of a biofilm 
@ Presence or absence of bleeding on probing. 
@ Presence or absence of suppuration 
@ Increased peri-implant probing depth 
@ Evidence and extent of radiographic alveolar bone 
loss. 


Tab 71.3: Depending on the clinical assessment, the 
treatment could be regime A or regime A + B, regime A 
+ B+ Cor regime A + B + C + D. [A = Mechanical 
debridement; B = Antiseptic cleansing; C = Antibiotic 
therapy; D = Resective or regenerative surgery] 


Clinical parameters Ue 
tata le) 


¢ No plaque and calculus 





No therapeutic 
measures re- 
quired 


¢ No Bleeding on probing 
¢ No suppuration 
¢ Probing pocket depth < 3mm 


¢ No evidence of radiographic bone Clinically stable 
loss 
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Clinical parameters a tome 
take oy 





Plaque and calculus present Mechanical 
feleqtenndee th debridement / 
Bleeding on probing present Se aoe, 
Saale & P Aand Antiseptic 
Suppuration may or may not be therapy/ CIST 
present protocol B 
Probing pocket depth of 4-S5mm TonGca 


No evidence of radiographic bone protocolA + B 
loss 


Clinical parameters a temo 
atoal eg 


Plaque and calculus present CIST protocol A 


(Plaque index >1) + Band 
Bleeding on probing present Antibiotic 
Suppuration may or may not be _ therapy/ CIST 
present protocol C 
Probing pocket depth > 6 mm i.e. CIST proto- 
colA+Bt+C 


Radiographic signs of bone loss 


ie kegel 
Clinical parameters P ra atstaet 7 


¢ Plaque and calculus present 


(Plaque index >1) 
Mechanical 


debridement / 
CIST protocolA 


¢ Bleeding on probing present 
¢ No suppuration 
¢ Probing pocket depth < 4mm 


¢ No evidence of radiographic bone 
loss 


¢ Plaque and calculus present 


Regenerative 

¢ Bleeding on probing present therapy /CIST 

¢ Suppuration present protocol D 

¢ Probing pocket depth > 6 mm ener 

¢ Evidence of radiographic bone protocol A + B + 
Carb 


loss — crater like defect 
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Fig 71.9: Suggested treatments for infected dental implants(Pye et al:) 


Suggested treatments for 


infected dental iMplants eyes 





Mechanical debridement. 


Table 71.4: Various Dental Implant Surface Decontamination Techniques 


Sandblasting systems 


Using Er:YAG/CO2 and 
diode Lasers 


Chemical decontamination: 


Antibiotic therapy 


Mechanical debridement 


Photodynamic therapy 


Implant Loss or Failure: 


Modifies the surface texture. 
Abrasive deposits are formed. 
Eliminates bacteria. 

Haemostatic effect. 
Re-osseointegration is observed. 


Topical chlorhexidine, tetracycline or minocycline, citric acid, hydrogen peroxide or 
35% phosphoric acid gel have all been used for chemical decontamination. 


They are used along with mechanical debridement. 


A systemic administration of amoxicillin and metronidazole has the potential to 
overcome a wide range of pathogens often associated with peri-implant disease. 
(Mombelli & Decaillet F) 


Titanium or carbon fiber curettes. 


The use of photodynamic therapy for decontamination is currently studied. 


@ Medical contraindications 


Implant loss or failure is considered relative to the time <> Absolute 


of placement. Early implant failures occur before implant 


e Acute infectious disease 


restoration, due to failed osseointegration. It could be 


either due to movement, or impaired wound healing. 


Late implant failures occur after delivery of the prosthesis 
for many reasons, including implant overload and infection. 


Contraindications and increased risk of implant failures: as 


e Cancer chemotherapy 


e Systemic bisphosphonate medication (2 
years) 


e Severe psychosis 


proposed by Zitzmann et al include, <> Relative 
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e Depression 
e Pregnancy 
e Incomplete cranial growth 
e Incomplete tooth eruption 
@ Intra-oral contraindications 
< Provisional 
e Soft tissue pathologies 
e Hard tissue pathologies 
@ Increased risk of implant failure or complications 
<> Absolute 
e History of aggressive periodontitis 


e Heavy smoking packs, alcohol and drug 


abuse 
e Insufficient oral hygiene 
e Post-radiation therapy in head and neck 
e Post-chemotherapy 


e Under immune-suppressants or steroids for 
long-term 


e Uncontrolled HIV infection 
<~ Relative 

e Uncontrolled parafunction 

e Osteoporosis 


e Uncontrolled diabetes 


Complications Related to Augmentation 
Procedures: 


Many complications can be avoided by proper surgical 
technique, good planning and based on experience of the 
operator. 


Autogenous Bone Harvesting or Graft: 


Autogenous bone grafting/harvesting has been considered 
the gold standard method for bone reconstruction and 
repair. The usage of autogenous bone along with dental 
implants was proposed by Branemark et al in 1975. 


Donor site complications: 


lf the donor site is iliac crest (treatment for atrophic jaws), 
the disadvantages are the need of an operating room, 
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general anaesthesia, and postoperative hospitalization. 


lf the donor site is ilium (treatment for larger defective 


areas), the complications include pain, _ infection, 
neurosensory disturbances-ilio-hypogastric nerve, 
hematoma, gait/postural disturbance, superficial skin 


infections and scarring. 


lf the donor site is tibia, the complications are 


hematoma, ecchymosis, dehiscence, and fracture. 


lf the donor site is ramus, then the complications include 
damage to Inferior alveolar nerve and trismus. 


lf the donor site is symphysis region (for maxillary sinus 
and onlay bone grafting), the complications include altered 
neurosensory disturbances to mandibular anterior teeth 
and soft tissues of the chin. Occasionallythere could be 
fracture of the mandible. 


If the donor site is maxillary tuberosity (for filling bony 
defects), perforation of the maxillary sinus occurs,and it 
may cause postoperative problem. 


Recipient site complications: 


They include wound dehiscence, flap necrosis, graft 
exposure, graft contamination and infection, problems 
with bone graft incorporation and resorption. 


These can be avoided by proper flap reflection, intimate 
fixation of the graft, flap coverage without tension, bone 
grafts should be immobilized. 

Guided Bone Regeneration: 


The common complication in GBR is premature exposure 
of membrane barrier and necrosis of the overlying flap 
followed by soft tissue or bone graft infection. The following 
causes are mentioned below: 


|) Insufficient time given for soft tissue healing after the 
surgical tooth extraction. 


2) Improper flap designing and insufficient flap release. 
3) Suturing of flap under tension. 


4) Additional pressure/compression of tissues from 
removable prosthesis. 


Therefore, to prevent complications sufficient time for 
tissue conditioning should be given and proper surgical 
technique must be applied. 
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Sinus Bone Augmentation: 


Lateral window sinus lift: 


Intra operative complications: Bleeding and perforation of 
Schneiderian membrane. Bleeding occurs when vascular 
supply to lateral wall of sinus is damaged or severed. 


¢ Minor perforations are treated with the reflection of 
the membrane that folds in itself. 


@ Medium or large perforations are closed with use of 
absorbable membrane to patch the opening. 


Careful surgical technique and newer instruments and 
techniques such as peizosurgery reduce this complication 


Post-operative complications: 
The most common, infrequent complication is infection. 


Careful surgical techniques, adherence to sterility and 
judicious use of antibiotics can minimize the risk of 
postoperative infections. Some resolve with medication, 
whereas others require surgical debridement of the 
infected area. 


Crestal (osteotome) sinus lift: 


This technique involves the use of osteotomes. It is 
associated with the complication of benign paroxysmal 
positional vertigo (BPPV) as a result of the implant bed 
manipulation with osteotomes. 


Duringthe osteotomy and elevation of the sinus floor, 
trauma induced by percussion with the surgical hammer 
along with hyperextension of the neck can displace otoliths 
in the inner ear and induce BPPV. 


In suspected cases of BPPV patient should be informed 
about the condition and referred to an oto-neurologic 
specialist. 


To prevent this complication, application of manual 
force instead of hammer percussion is advised. The 
use of alternating techniques including selective drill 
systems, balloon technique, piezoelectric surgical 
instruments that cut the bone while keeping the 
Schneiderian membrane intact can prevent BPPV. 
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Complications Related to Placement and 
Loading Protocols: 


Immediate Implant Placement (IIP): 


The most common complications that occur with immediate 


implant placement (IIP) after the extraction of tooth are: 
¢ Poor implant positioning- It occurs due to the 
failure of the clinician to conduct osteotomy in the 
correct position. 


¢ Membrane exposure during healing- A 
common occurrence due to improper advancement 
of the flap without tension and use of suture 
materials that helps to retain the flaps during the 
stages of healing. 


¢ Gingival recession- Either by the use of very 
wide implants approaching the labial bone or due 
to an unpredictable postsurgical gingival recession 
after extraction and IIP. 


¢ Implant failure- Can occur in a native bone 
or previously regenerated ridges. If an implant fails, it 
can be replaced, but the survival rate is very low. 


¢ Unacceptable aesthetic outcomes- Failure to 
meet the patient’s expectation by the clinician even 
after following the IIP protocol. 

Immediate Loading after Implant 


Placement: 
Complications associated with immediate implant loading 
protocol: 

@ Failure to achieve implant osseointegration 


@ Surgical complication- Patient injury, material failure, 
deep placement of implant and systemic complications 
e.g. bruxism, smoking, etc. 


@ Implant malposition. 


@ Aesthetic complications- Resorption of facial bone 
after extraction, gingival recession, blunt papillae and 
incomplete regeneration. 


Implant Placement Using a Flapless Approach: 


Flapless surgery is defined as an implant placement 
performed without the elevation of a flap. The procedure 
is performed either by drilling directly into the alveolar 
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bone or by drilling through the punch removal of the soft 
tissue. 


Complications that can occur when using a flapless 
approach are: 


@ Improper implant placement. 


@ Damage of keratinized tissues that are involved in 
stabilizing the soft tissues around the implant. 


@ Damage to the surrounding vital structures. 


Prosthetic or Mechanical Complications: 


They occur when the strength of materials is no longer 
able to resist the forces that are being applied. Fatigue of 
materials due to stretching and bending can ultimately lead 
to fracture. 


Material failures, in turn, result in prosthetic complications 
- such as loose, broken, and failed restorations. 


Screw Loosening and Fracture: 


Screw loosening has been reported to occur quite frequently 
in screw-retained FPDs. Screw-retained single crowns 
attached to externally hexed implants are particularly 
prone to this type of technical complication. 


Abutment or prosthesis screw loosening is often corrected 
by retightening the screws. Over time, however, screws 
become fatigued and eventually fracture. 


Implant Fracture: 


Implant fractures are frequently seen in partially edentulous 
patients (rectilinear pattern) than in fully edentulous patients 
as it clearly shows that the arrangement of implants in the 
later creates a favourable curvilinear pattern. 


The causes of implant fracture are as follows: 


@ Manufacturing defects, i.e., the defect in the raw 
materials or in the manufacturing process. 


@ Primary bone loss can lead to implant fracture. It 
is also seen that a bone loss can be secondary to 
micro-fracture created by naturally designed implant 
microstructures leading further to the sequelae of 
the fracture. 


@ Human bite force (Biomechanics) can cause implant 
fracture, especially in the posterior molar regions. 


¢ Implant fractures can be seen in areas adjacent to the 
cantilever extensions. 
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@ Parafunctional habits like bruxism, chewing with 
excessive forces, etc. can lead to implant fractures. 


Fracture of Restorative Materials: 


Fracture or failure of materials can occur for 
veneers (composite or ceramic) that are attached to 
superstructures. 


AESTHETIC AND PHONETIC COMPLICATIONS: 


Aesthetic Complications: 


An implant with successful osseointegration might still be 
considered a failure if the final prosthesis does not provide 
the optimal required aesthetics. The aesthetic outcome 
is affected by implant placement, soft tissue condition, 
osseous condition, and prosthetic condition 





Fig. 71.10 Aesthetic problems(Courtesy: Dr. Abdul 
Nasir Maqbool Ahmed) 


Phonetic Problems: 


Implant prostheses can create phonetic problems for the 
patient if 


@ Uncommon palatal outlines like limited or constricted 
palatal space 


@ Prostheses with spaces under and around the 
superstructure 


It can be noted in full-arch implant-supported fixed 
restorations over maxilla with severe atrophy. Such cases 
can be successfully managed with implant supported 
overdenture. 


Medicolegal issues related to implant 
complications: 


A study claims that incidence of medicolegal issues related 
to implant complications is ranked third. The following 
aetiologies are: 
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a) Inadequate training: Clinicians lacking in both training 
and experience in placing or restoring the implants 
are subjected to medicolegal issues. 


b) Improper judgement in implant placement are as 
followed: 


- Implant placement in areas with inadequate bone 
support. 


- Implant damaging the adjacent tooth 


Bur—forceps Bur—elevator— Trephine drill High torque wrench 
Kea alalie lets forceps technique technique technique 
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- Surgical errors causing poor aesthetics, peri- 
implantitis, etc. 


- Failure in assessment of implant placement without 
the usage of CAT or CBCT scan analysis. 


Explantation of dental implants: 


The explantation of dental implants is done for failing dental 
implants, aesthetically unacceptable implants and in cases 
when previous osseointegrated implants are required no 


more. 
Scalpel—forceps 
technique 





elt can be used in 
case thereis no gap 
with an adjacent 
implant or teeth. 

«A mucoperiosteal 
flap is elevated. 

«The bone defect is 
deepened on either 
the facial or lingual 
side. 

¢Theimplantis then 
luxated or unwind 
and removed using 
a forceps. 


elt can be used when 
there is adequate 
gap with an 
adjacent implant or 
teeth. 

«Bone removal 
towards the apex 
from mesial and 
distal aspect of the 
implant using 
round or fissure 
burs. 


¢Theimplantis then 
elevated using a 
thin straight 
elevator from the 
mesial or distal 
side. 

¢Theimplantis then 
luxated or unwind 
and removed using 
a forceps. 


elt can be used in 
cases of thin 
cortical bone and 
where there is no 
gap between the 
faling implant and 
the adjacent 
teeth/bone. 

¢A trephine drill with 
a diameter and 
length appropriate 
size of implant is 
sunk over the 
dental implant. 

«The trephine drill is 
then lifed. 

¢The remaining 
attachement of 
dental implant if 
any with the bone 
is severed by 
luxating with a 
straight elevator. 


elt can be used in 
removal of all types 
of failing 
endoseeous 
implants. 

«A fixture remover 
screw is tightened 
in the place of the 
abutment. 


¢Implant remover an 
another instrument 
is fixed into the 
other end of fixture 
remover screw. 

«The intrument is 
used to unwind the 
implant with 
application of force. 


Fig. 71.11 Explantation of dental implants 


elt can be used with 
blade design 
implants. 

¢ The implant is held 
with a dental 
forceps and is 
luxated with a 
constant pulling. 

¢ A scalpelis used to 
sever the 
connective tissue 
bands attached to 
the implant. 


Conclusion 


Careful diagnosis and treatment planning along with the use 
of diagnostic imaging, surgical guides, meticulous techniques, 
adherence to proven principles sound knowledge of 
anatomy can reduce the incidence of complications. 
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Review questions: 


Essay questions: 


|. Describe briefly Peri implantitis and summarize its 
management. 


Short notes: 
2. Write a short note on Implant failure. 


3. What is Implantoplasty? 
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4. Enumerate the various dental implant surface @ Chen YC, Chen CH, Chen PL, Huang IY, Shen YS, 
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DEFINITIONS AND TERMINOLOGY: 


Epidemiology. The study of the_ distribution 
and determinants of health conditions or events in 
populations, and the application of this study to 
control health problems. (Glossary of Epidemiologic Terms) 


Epidemiology: The study of the_ distribution 
and determinants of health-related states or events in 
specified populations, and the application of this 
study to the control of health problems. (Epidemiology 
Glossary) 


Epidemiology is the study of health and disease 
in populations and of how these states are 
influenced by heredity, biology, physical environment, 
social environment, and personal behavior. (Burt, 2005) 
Epidemiology is the study of health and 
disease in populations and the effect of various 
biologic, demographic, environmental and lifestyles 
on these states. (Hatem) 


Introduction: 
The essential features of epidemiology as a method of 


research, when compared to clinical research and case 
studies is as follow: 
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|. Groups rather than individuals are the focus of 
study. 


2. Persons with and without a particular disease (e.g., 
periodontal diseases) and with and without the 
exposure of interest are studied, rather than just 
patients. 


The study of population groups rather than individuals is 
to allow for valid estimates while accounting for normal 
biological variation (e.g., some individuals form dental 
biofilm readily; others do not). Broadening a study to 
include those with and without a disease can provide a 
reference point against which a risk is quantified. (Costa 
et al. 2012) 


\ Associated Topics in Periodontology 





eldentify people at risk in the 
population 

eAssess the efficacy of 
preventive strategies and 
curative therapies ata 
population level. 

eCarry out work force 
e)Elaaiay:e 


are a prerequisite to: 


Accurate epidemiological data 
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eEvaluate the interplay with 
risk factors of periodontitis. 


eAssess the interaction 
between periodontal 
health/disease and systemic 
diseases. 

eAssess the impact of 
periodontal diseases on 
quality of life. 


Accurate epidemiological data 
is also necessary in order to: 


Fig. 72.1 Epidemiological data on periodontal health/disease (Modified from Leroy R, Eaton. KA, and Savage.A) 


EPIDEMIOLOGY OF PERIODONTAL DISEASE 


Periodontal disease ever since the days of Hippocrates has 
crippled the survival of human dentition. The prevalence 
of periodontal disease is worldwide. It is evident from first 
decade of life to old age. Many factors play their role in the 
etiology of periodontal diseases. 


The occurrence and manifestations of periodontal disease 
are determined by the interactions between the host, agent 
and environmental factors which together constitute the 
epidemiological triad. ln the present discussion, factors like 
age, sex, race, adverse oral habits, oral hygiene practices, 
social factors, place of residence, geographical location will 
be included to know its influence effect in the prevalence 
and severity of periodontal disease. 


FACTORS INFLUENCING THE OCCURRENCE 
OF PERIODONTAL DISEASE: 


Age: 


The prevalence of periodontal disease increases directly 
with increasing age.The chronic destructive periodontal 
disease has always been associated with older age groups. 


Bossert and Marks in astudy involving not only histories of 
extraction for periodontal disease but also morbidity data 


Y 


upon teeth still present,find steadily increasing 
percentages of affected teeth among industrial employees 
in NewYork city. 


In general, the prevalence and severity of gingivitis increase 
with age, beginning at approximately 5 years of age, reaching 
its highest point in puberty, and then gradually decreasing 
but remaining relatively high throughout life (Kelly 1979). 


The prevalence of periodontal disease with pockets in 
NHEs was approximately |% at I|0 years of age, 10% at 
20 years of age, 20% at 35 years and 30% at 45 years; In 
NHANES | (1971-1974) showed a range from 0.3% at 10 
years to 50.2% at /0 years of age. Between 35 and 40 years 
of age, the average adult enters the beginning phase of 
destructive periodontal disease. It takes 20 years more for 
the average adult (i.e. 55 to 65 years of age) to enter into 
advanced phase of destructive periodontal disease (Kelly 
1966). This finding is consistent in NHANESI (Kelly 
1979). 


The severity of periodontal disease in the NIDR survey 
(1985) (National Institute of Dental Research) was 
expressed by means of attachment loss. The samples were 
employed adults (18 to 64 years of age and older). The 
mean attachment loss 2.52 mm, ranging from 2.08 mm in 
18-19 years to 3.04 in 60 to 64 years and older. Among 
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senior adults, it was 3.17 mm in 65 to 69 years and 3.50 
mm at 80 and above. 


The age group that appears to be most by juvenile 
periodontitis is that between puberty and approximately 
30 years of age (Russel AX, 1971) 


Dutta(1965) conducted a study on 1424 school children 
of Calcutta between 6 and 12 years of age. He found 
periodontal disease increased with age. The mean and 
prevalence rate for periodontal disease at 6 years and at 
|2 years were as follows:At 6 years it was 0.33 (mean) and 
73%, at 12 years, it was 0.58 (mean) and 89.8% 


Marshall Day and Tandon (1940) surveyed 756 middle- 
class children in Lahore at approximately I|3 years of age. 
They noticed that 68% of the children were affected with 
gingivitis. 

Greene (1960) surveyed 1613 school boys in low socio- 
economic status area of India in the age group | I-17 years. 
He found 96.9% of the children were affected with gingivitis. 
One aspect of age factor is the extent to which heavy loss 
of teeth from caries at an early age may mask periodontal 
disease later on, or low caries accentuate. 


The study done by M.K. Basu and Dutta (1965) on 
312 subjects in Calcutta revealed the periodontal 
disease increases with age,that is in |2-|7 years the mean 
periodontal disease score was I, in 18-23 years it was |.68 
and in 24-30 years it was 2.45. 


To summarize the data, 95- 100% population has been shown 
to be suffering from periodontal disease in various age 
groups differing in severity from one to another. Until the 
age of 20 years it is gingivitis in its various severities, above 
that age especially above 30 years, 70% of the population is 
suffering from Periodontal pockets or bone resorption. 


Sex: 


In general, males consistently have a higher prevalence 
and severity of periodontal disease than females. 
However, Baer et al (1974), Saxeno (1980) believe that 
relatively high incidence of juvenile periodontitis has been 
found in females. 


Males enter the beginning phase of destructive periodontal 
disease at 35 years of age while females at 45 years of age. 
Males enter the advanced phase of destructive periodontal 
disease at 55 years of age while females enter at 75 years 
of age. 
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In NIDR survey (1985), the pocket depth more than 4 mm 
or greater was more prevalent in males as compared to 
females. Again females had fewer sites with attachment loss 
(25%) when compared to males (31%). 


Corbet EF et al (1989) studied the sex differences in the 
periodontal status of Hong Kong adults aged 35-44 years. 
They found the prevalence of deep pocket was 23% in 
males as compared to females where it was 9%. 


Addy M (1990) reported that boys had higher plaque, 
bleeding and pocketing scores than did the girls at ages | | 
years and [5-16 years they examined. 


A study by Arabinda Dutta (1965) on 1424 school children 
in ages 6 to [2 years in Calcutta revealed that periodontal 
disease prevalence was 91.6% in males and 87.6% in 
females. 


Day states that in India females show asignificantly lower 
bone loss of periodontitis variety than do males. 


In contrast to above studies, the study of M.K. Basu andA.N. 
Dutta(1965) on 3121 subjects revealed that females had 
high periodontal disease scores as compared to males. 


[2-17 years, females had |. 03 as mean score and males 
had 0.96 


[8-23 years, females - |.84,Males 1.58 
24-30 years, females - 2.54, Males 2.41. 
Racial and ethnic group: 


When the severity of periodontal disease is compared 
by racial and ethnic groups, blacks consistently had 
more severe periodontal disease than Whites (NHES, 
1960-62). 


In this NHES among those older than 20 years of age, blacks 
were demonstrating 50% more periodontal disease than 
whites. In NHANES | (1971-74) the blacks demonstrated 
80% more severity than whites. 


In the Ten-State Nutrition Survey (1968-70) the severity of 
periodontal disease among Spanish Americans appeared to 
be higher than that of whites and blacks. 


In the study done by Ashley (1992) on 472 British school 
children on different ethnic origin (European, 
Afro-Caribbean and Asian) the European showed 3%, 
Afro-Caribbean showed 21%, and Asian I4% as 
prevalence of periodontal disease. 


Y 
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Oral hygiene: 


There is a strong positive association that exist between 
poor oral hygiene and gingival and periodontal disease 
(Greene JC, Green,and Vermillion). 


A study by B.C. Roy (1965) on 1424 school between the 
ages 6and |2 years that in toothbrush users theperiodontal 
disease score, debris score, and calculus score was lesser 
as compared to finger and stick users. 


Russell (1965) stated that active (gingival and periodontal) 
disease is rarely found in the absence of plaque and 
calculus. The study done by Russell(1965) on 752 South 
Vietnamese older than I|5 years of age revealed that 6/% 
of the prevalence of periodontal disease is due to poor 
oral hygiene 


Gupta (1962) in Trivandrum examined 800 medically 
healthy people aged I1-50 years. He found that 90% of 
people between the ages | 1-30 and 100% of people above 
30 years and periodontal disease. He noticed severity of 
disease in people using finger to clean their teeth. 


Loe et al (1965) observed that when brushing is omitted 
oral hygiene and cleansing procedures, plaque and gingivitis 
development was parallel. Both reaching its maximum 
between I|5 and 21 days. 


Hence, statistically as well as clinically, plaque is a primary 
factor in periodontal disease. 


Concomitant Disease: 


It is a final host factor like diabetes and heavy metal 
poisoning, which were among the commoner diseases 
predisposing to periodontal disease. 


Distribution of periodontal disease in different 
areas of mouth: 


Loe et al (1965) studied the intraoral prevalence of 
periodontal disease by surfaces. They found that the 
interproximal surfaces were most severely affected by 
gingivitis, followed by the buccal and lingual surfaces. On 
comparing the upper and lower arches, they found that 
gingivitis was more severe in the upper arch than in the 
lower arch for interproximal surface and buccal surfaces. 
Regarding lingual surfaces, gingivitis was most severe in 
lower arch than in the upper arch. 


vy 
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HABITS: 
TOBACCO SMOKING: 


Tobacco smoking have been associated with increased 
periodontal disease. The association between smoking 
and periodontal disease is due to effects of smoking- 
related substances such as nicotine,carbon monoxide, and 
hydrogen cyanide. These substances may act as 
vasoconstrictors and lead to _ ischemia, impaired 
inflammatory vascular response and cellular repair. 


Locker (1992) in Canada studied 907 adults aged > 50 
years reported that the smokers had fewer teeth and had 
higher extent and severity of periodontal disease than 
those who had never smoked. 


Betel Nut Chewing: 


There are studies which shows an association between 
betel nut chewing and increased periodontal disease. 


The study by Balendra (1949) concluded that betel nut 
chewing have been associated with increased 
periodontal disease. 


Mehta et al (1956) examined 1023 men ranging from | 6-30 
years. They found a high incidence of periodontal disease in 
betel leaf and betel nut and chewers than in non-chewers. 


Unilateral mastication: 


Because of a large cavity a recent extraction or discomfort 
on one side of the mouth, the patient forms a habit of 
chewing on the other side with little function and 
stimulation to the affected side. The result is one side of the 
mouth is in normal function, the teeth are clean, the gingivae 
are stimulated and in good health. While on the neglected 
side, one finds the loss of tissue tone, accumulation of food 
debris, calculus, effects of traumatic occlusion due to effects 
of non-function and weakened periodontal support. 


An important local host factor for periodontitis is found in 
traumatic occlusion. The supporting structures of the teeth 
are the best designed to resist forces directed in the long 
axis of the tooth. 


Long, sharp cusps act as ‘plungers’ or interlock with similar 
cusps leading to severe torque. It produces destructive 
forces on alveolar bone accompanied tooth mobility and 
severe resorption. 
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Occupational habits: 


Occupational habits and neurosis conduce to periodontal 
disease. Occupational habits include holding of nails in the 
mouth as practiced by carpenters or upholsterers, cobblers 
and thread biting among tailors, opening of bobby pins by 
tailors, the pressure of a reed or other mouth piece during 
the playing of certain musical instruments upon teeth 
of players of wood wind or other musical instruments 
produces traumatic effect on the periodontium. 


Miscellaneous habits like pipe smoking, abuse of cigarette 
holder. Neurosis include lip biting cheek biting, bruxism, 
pencil biting, nut biting, habitual biting of finger nails and 
so forth, produces traumatic injury to periodontium. 


Mouth Breathing: 


Gingivitis is often associated with mouth breathing. 
Jacobson(1973) reported that the mouth breathers have 
more severe gingivitis than non-mouth breathers. 


Emotional Disturbance: 


A clinical impression has existed that periodontal disease 
is more common in persons with emotional disturbance. 
Belting and Gupta confirms this impression in an adequately 
controlled study of over 100 mental patients. The incidence 
of periodontal disease was significantly higher in all age 
groups, regardless of frequency of tooth brushing. 


Agent factors: 
Nutrition: 


Protein-calorie malnutrition has been associated with 
osteoporosis of alveolar bone, thinning of the periodontal 
ligament, degeneration of periodontal collagen fibers, 
retardation in deposition of cementum, delayed gingival 
wound healing (Stahl SS, 1966). 


Niacin: 
Niacin deficiency has been found to produce a severe 


type of gingivitis with pseudomembrane formation and 
associated sloughing along the buccal mucosa. 


Vitamin E: 


Vitamin E is a potent antioxidant. It protects Vitamin A, 
carotenes and unsaturated fatty acids from destructive 
oxidation. It also increases membrane resilience to oxidation 
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destruction. Hence, absence of Vitamin E affects gingival 
health. 


Folic acid: 
lt prevents the gingival inflammation. 
Vitamin C: 


It is essentially an environment problem aboard sailing ships. 
Avitaminosis-C manifested itself as scurvy and produced 
acute periodontal disturbance accompanied by loss of 
teeth. 


There is a direct relationship between gingival tissue 
concentration of ascorbic acid and sulcular epithelial 
barrier function, collagen synthesis and permeability of 
sulcular epithelium. 


Calcium and other minerals: 


Calcium and phosphorus have effect on_ gingival 
inflammation.Mercury, Lead and Thallium in decreasing 
order of frequency have been reported to produce 
gingivitis, accompanied by dark line parallel to gingival 
margin. 


Radium and other sources of ionizing radiation produce 
alveolar damage and loosening of the teeth. 


Zinc: 


Deficiency leads to alterations in cell-mediated immune 
response, inhibits collagen formation, increases alveolar 
resorption. 


lron: 


There is an inverse relationship between iron and sulcular 
junctional epithelial permeability. Its deficiency reduces 
competence phagocytes. Also, deficiency of iron 
inhibits hydroxylation of proline and collagen synthesis 
(Mallek 1978). 


Microorganisms: 


Actinobacillus actinomycetemcomitans, Capnocytophaga, Rothia 
dentocariosa and Streptococcus sanguis 


In the Aggressive periodontitis, a unique bacterial flora was 
found by Newman and Socransky. It was predominantly 
gram-negative and strictly anaerobic at the advancing fronts 
of lesion. 


ANUG is a peculiar destructive form of bacterial invasion.A 
mixed bacterial flora is usually involved, with the Vincent’s 


Cy 
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spirochete predominant. This disease if allowed becomes 
chronic, produce considerable periodontal damage. 


Environmental factors: 
Social Factors: 


Periodontal disease is influenced by factors like levels of 
education, income and occupation. Russell reported that 
educational background is more important. 


Horton (1967), Russell AL (1957) confirmed that there is 
an inverse relationship between increasing levels of 
education and periodontitis. 


Place of residence: 


In general, the prevalence and severity of periodontal 
disease are in higher in rural areas than in urban areas 
(Kelly 1966). 


Degree of urbanization appears to be related to periodontal 
disease. In two studies among US children, rural children 
were found to have significantly higher group scores 
(Periodontal Index) than did urban children, particularly at 
the younger ages. 


Ramfjord SP (1960) examined 827 boys in Bombay. He 
observed that urban children had a PDI score of |.42, and 
rural children had a PDI score of 2.14. 


Geographic area: 


The study of environmental factors is greatly dependent 
upon large-scale statistical studies, which will rule out 
individual variability particularly that resulting from host 
factors 


Investigators have shown geographical variations in the 
prevalence and severity of periodontal disease. Certain 
geographic areas throughout the world are associated 
with more periodontal disease than others, and it is not 
yet possible to analyze the contributing factor to these 
geographic variations. One encouraging study deals with 
the possible relation of fluoride in the drinking water to 
periodontal disease. 


In three fluoride communities with |.0, 2.5 and 8.0 ppm of 
fluoride, respectively in drinking water, a weak tendency 
was found among native school children for periodontal 
disease to decrease as fluoride increased. 
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Migrant children served as controls. India rates among 
one of the countries, having the highest prevalence of 
periodontal diseases. 


Conclusion: 


From the various studies, it is clear that many factors like 
age, race, occupation, education, geographical variation and 
other related factors affect the prevalence and severity of 
periodontal disease. 


Various studies point out that the high prevalence of 
periodontal disease in India correlates with factors such as 
oral hygiene status, age,and socio-economic factors. 


Periodontal disease is so prevalent that the only possible 
solution to the problem is “prevention’”’. 


According to available data, the local factors like debris, 
plaque and calculus play a major role in the periodontal 
disease process. Hence, adherence to proper oral hygiene 
practices will benefit as good as fluoridation as in the case 
of controlling dental caries. 


Review Questions: 


Essay Questions: 


|. Discuss briefly the epidemiology of gingival and 
periodontal diseases in India. 


Short notes: 


2. What is epidemiology? What is the purpose of the 
study of periodontal epidemiology? 


Principal references and suggested further 
reading: 


¢ Burt B; Research, Science and Therapy Committee of 
the American Academy of Periodontology. Position 
paper: epidemiology of periodontal diseases.] 
Periodontol. 2005; 76(8): 1406-19. 


@ Costa FO, Susin C, Cortelli JR, Almeida Pordeus 
|. Epidemiology of periodontal disease.Int J Dent. 
2012;2012:84864 1. 


@ Dye, . B. A. (2012), Global periodontal disease 
epidemiology. Periodontology 2000, 58: |0—25. 


@ Epidemiology Glossary. Center for disease control and 
prevention: http://www.cdc.gov/reproductivehealth/ 
Data_Stats/Glossary.htm (Assessed on = Sept/th 
2015) 
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@ Glickman’s Clinical Periodontology. 7th ed. Carranza 


FA, editor. 1990. 


Glossary of | Epidemiologic Terms: _ http:// 
www.raleighcharterhs.org/studentlife/clubs/ 
scioly/Resources/diseasedetectives/Tutorials/ 
Epidemiology%20Glossary.pdf (Assessed on Sept/th 
2015) 


Hatem AE (2012). Epidemiology and Risk Factors 
of Periodontal Disease, Periodontal Diseases - A 
Clinician’s Guide, Dr. Jane Manakil (Ed.), ISBN: 978- 
953-307-81 8-2, InTech. 


@ James Morse Dunning. Principles of Dental Public 
Health. 4th ed. London: Harvard University Press; 
1986: 339. 
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Leroy R, Eaton KA, Savage A. Methodological issues in 
epidemiological studies of periodontitis--how can it 
be improved? BMC Oral Health. 2010; 21; 10:8. 


Murray JJ. The Prevention of oral diseases. 3rd edition. 
Great Britain: Bath Press; 1996. 


Peter S. Essentials of preventive and community 
dentistry 3rd Edition Arya Publications. India 


Sathe PV.A textbook of community Dentistry. I** edn. 
Hyderabad. Paras medical publisher. 1998 
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Chapter Outline: 


Definitions and terminology. 

Plaque, debris & calculus measurement indices. 

Gingival indices. 

Trauma from occlusion index. 

Periodontal indices. Periodontal healing indices. 

Periodontal treatment needs indices. 

CPITN (The Community Periodontal index of Treatment Needs) 
Tooth mobility indices. 


A prerequisite for any epidemiological investigation 
is the ability to quantify the occurrence and severity of 
the disease. Measurement is a process of assigning 
values to characteristics according to a set of rules. This 
is facilitated through indices, certain methodology, 
and criteria. 


Definitions and Terminology: 


“A numerical value describing the _ relative 
status of a population on a graduated scale with 
definite upper and lower’ limits, which is 
designed to permit and _ facilitate comparison 


with other populations’ classified by same 
criteria and methods.” (Russell A. L.) 
An index quantitatively reflects the _ clinical 


state or conditions using set of criteria on a 
graduated numerical scale whereby one can 
easily define, describe, distinguish, compare, and 
analyze the status of an individual or a group with 
reference to that state and/or conditions. (Peeran 
et al.) 
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P.G. Naveen Kumar, Syed Wali Peeran & 
Karthikeyan Ramalingam 


Tooth wear indices. 

Implant succes indices. 

Indices for Halitosis. 

Indices for tongue coating. 

Stain index. 

Indices for tooth function. 

Review Questions. 

Principal references and suggested further reading. 


Index: An ordinal and arbitrary system of 
measurement which describes or quantitates a 
condition. Such indices are appropriate for use 
in an individual patient or for epidemiological 
studies. (Glossary of Periodontal Terms, 2001) 


Composite Index: An index that contains different 
variable components. — e.g.Periodontal index has 
reversible and irreversible components. 


Full mouth index: An index where full mouth 
recordings are carried over. e.g.Russell’s periodontal 
index. 


Partial mouth index: An index where a partial mouth 
recordings are carried over. The teeth selected for 
recording or measurement are called the index teeth. 


In a study comparing the full mouth and partial mouth 
recordings Eaton et al concluded that the use of 
index teeth in epidemiological studies which include 
young adults may result in an underestimation of the 
prevalence of early periodontitis and an overestimation of 
the extent. 
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¢Rules of the index should be clear. 
¢Rules of the index should be easy to remember. 
eThe categories should be clearly demarcated and should make decision making 


CLARITY 


SIMPLICITY 


eThe criteria should be objective. 
¢The criteria should be unambiguous. 


OBJECTIVITY ate : 
eThe criteria should be mutually exclusive. 


VALIDITY 


elt should measure consistently. 
elt should be reproducible and give the same result if the assessed condition ts 


¢ It should convert observed clinical symptoms into an acceptable numerical 
elt should be able to detect resonably small shifts. 


RELIABILITY AND 
REPRODUCIBILITY 





QUANTIFIABILITY 






SENSITIVITY 


VAP WN 


ACCEPTABILITY 





Fig. 73.1 Ideal Requisites of an Index 


Some of the indices used in Periodontics are discussed in detail in this chapter. 


Plaque, Debris and Calculus Measurement Indices 
|. The Plaque Index (PI) 





The Plaque Index (PI) is fundamentally based on the same principle as the gingival Index, namely the desirability 
of distinguishing clearly between the severity and the location of the soft debris aggregates. The purpose of 


introducing this system (Silness and Loe, 1964) was also to create a plaque index which would match the Gingival 
Index completely. 


Table 73.1:Criteria For The Plaque Index System 


Criteria For The Plaque Index System 





0 No plaque in the gingival area. 

A film of plaque adhering to the free gingival margin and adjacent area of the tooth. The plaque may 
only be recognized by running a probe across the tooth surface. 

2 Moderate accumulation of soft deposits within the gingival pocket, on the gingival margin and/or 
adjacent tooth surface, which can be seen by the naked eye. 

3 Abundance of soft matter within the gingival pocket and/or on the gingival margin and adjacent tooth 
surface. 
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Each of the four gingival areas of the tooth is given a 
score from 0-3; this is the Pl for the area. The scores 
from the four areas of the tooth may be added and 
divided by four to give the PI for the tooth. The scores 
for individual teeth (incisors, premolars, and molars) 
may be grouped to designate the PI for the groups of 
teeth. Finally, by adding the indices for the teeth and 
dividing by the number of teeth examined, the PI for 
the individual is obtained. 


Pl = 0: This score is given when the gingival area of 
the tooth surface is free of plaque. The surface is 
tested by running a pointed probe across the tooth 
surface at the entrance of the gingival crevice after 
the tooth has been properly dried, and if no soft 
matter adheres to the point of the probe, the area is 
considered clean. 


Pl = I: This score is given when no plaque can be 
observed in situ by the unarmed eye, but when the 
plaque is made visible on the point of the probe after 
this has been moved across the tooth surface at the 
entrance of the gingival crevice. Disclosing may be 
useful for the recognition of this film of plaque. 


Pl = 2: This score is given when the gingival area is 
covered with a thin to moderately thick layer of 
plaque. The deposit is visible to the naked eye. 


Pl = 3: Heavy accumulation of soft matter, the 
thickness of which fills out the niche produced by the 
gingival margin and the tooth surface. The interdental 
area is stuffed with soft debris. 


Thus, the Plaque Index scores consider only 
differences as to thickness of the soft deposit in the 
gingival area of the tooth surfaces, and no attention 
is paid to the coronal extension of the plaque. 


The assessment of plaque is made on top of calculus 
deposits, on fillings and crowns. Since the gingival area 
constitutes the unit, the Plaque Index may be scored 
for all surfaces of all or selected teeth or selected 
areas of all or selected teeth. 


Consequently, the Pl may be used in large-scale 
epidemiological investigations as well as in the 
examination of smaller groups or within the dentition 
of the individual. Recent analyses show no difference 
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in the results when only one of the interproximal 
surfaces are examined instead of both provided the 
score is given double load, and the score for the 
tooth is divided by four. 


Materials and Methods 


Scoring requires light, drying of the teeth and gingiva, 
mirror, and a probe. If optimal conditions and chair 
side assistance are provided, and all teeth are to be 
examined scoring according to this system requires 
approximately 5 minutes. 


The sequence of the examination for plaque is 
carried out according to the system described for 
the Gingival Index. When both GI and PI are to be 
used, assessment of PI should always precede that of 
Gl. 


. Oral Hygiene Index: It was introduced by 


John C.Greene and Vermillion in 1960. 


Methodology: It is composed of debris index and 
calculus index. 


Mouth is divided into 6 sextants as follows: |8-14; 
| 3-23; 24-28; 38-34; 33-43; 44-48 





segment 5 


Fig. 73.2: Sextants 
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Rules: ¢ Debris and calculus are estimated by running a 
No.5 explorer (shepherds’ hook), on buccal/labial 
or lingual surface noting occlusal or incisal extent 
of the debris as it is removed from the tooth 
surface. 


¢ Only fully erupted permanent teeth excepting the 
third molars and incompletely erupted teeth are 
scored. 


¢ The buccal and lingual debris scores are considered 
on the tooth in a segment having the greatest 
surface area covered by debris 


¢ The buccal/labial or lingual scores are not taken 
from same tooth. 


¢ Similarly, calculus scores are taken on the tooth 
in a segment having the greatest surface area 
covered by Supragingival and sub-gingival calculus. 


Table 77.2: Scoring system. 


Geto Debris Index Calculus Index 


0 No debris or stain present. No calculus present. 


| a) Soft debris covering not more than one-third Supragingival calculus covering not more than I|/3rd of 
of the tooth surface or the exposed tooth surface. 


b) The presence of extrinsic stains regardless of 
surface area covered or both. 
2 Soft debris covering more than I/3rd but not a) Supragingival covering more than 1|/3rd, but not 
more than 2/3rds of the exposed tooth surface. more than 2/3rds of the exposed tooth surface or, 


b) The presence of individual flecks of subgingival 
calculus around the cervical portion of the tooth or 


both. 
3 Soft debris covering more than 2/3rds of the a) Supragingival calculus covering more than 2/3rd of 
exposed tooth surface. the exposed tooth surface or 


b) A continuous heavy band of subgingival calculus 
around the cervical portion of the tooth.\ 


Calculation: Interpretation: 

The scores for debris and calculus should be @ The Range of debris and calculus index:Minimum — 
tabulated separately and indices for each calculated 0, Maximum - 6 and the range of OHI is 0-12 
independently but in the same manner. @ The score is inversely related to oral hygiene. 
Debris Index (DI) = Total debris score recorded i.e.,higher score denotes poorer oral hygiene. 


No. of segments scored. Advantages: 


@ It was depicted as sensitive, simple method 
for assessing group or individual oral hygiene 
No. of segments scored. quantitatively. 


Calculus index (Cl) = Total calculus score recorded 


@ It is a useful epidemiological tool. It is used 
in surveys to assess toothbrushing and oral 
hygiene programs. 
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It is widely used for evaluating community dental 
health programs 


Limitations of OHI: 


@ It does not mention about plaque, which is an 
important indicator of individual oral hygiene and 
is determinant of gingival health. 

@ It does not take into consideration primary or 
deciduous dentition,and thus it cannot be applied 
to assess the oral hygiene status of children. 

@ It is time-consuming because entire dentition 
has to be checked. 

@ Intra and inter-examiner errors are high. 

@ It requires the user to make more 
decisions and hence more time is required to 
evaluate an individual’s oral cleanliness. 

@ This led to the development of OHI-S; which 
is equally sensitive, reduces the number of 
decisions and time needed on the part of the 
examiner. 


Simplified Oral Hygiene Index 


@ It was introduced by John C. Greene and Vermillion 
in 1964. 


Methodology: 


It is composed of debris index and calculus index. 


@ However, the number of surfaces scored are 6 
rather than |2 as in OHI. 





Fig. 73.3 Surfaces and teeth examined in OHI (S) 
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¢ Ifthe designated tooth is not fully erupted or has full 
crown restoration or has surface reduced because 
of caries or trauma. The following substitutions 
are made: 


— For 16-17/I8 
— For [I-21 
— For 26-27/28 
— For 36-37/38 
— For 31-41 
— For 46-47/48 


@ Debris and calculus are estimated by running No.5 
explorer (Shepherds’ hook), on buccal/labial or 
lingual surface noting occlusal or incisal extent of 
thedebris as it is removed from the tooth surface. 


Scoring System: It is same as OHI. 
Calculation: 


The scores for debris and calculus should be 

tabulated separately and indices for each calculated 

independently but in the same manner. 

Debris index (DI) = Total debris score recorded 

No. of segments scored 

Calculus index (Cl) = Total calculus score recorded 
No. of segments scored 


OHI= Ci+ DI 


Interpretation: 


@ The range of debris and calculus index: Minimum 
—Q Maximum — 3. 
@ The range of OHI-S are from 0-6 


@ The higher is the score, the poorer is the oral 
hygiene andis interpreted shown below. 


Interpretation 


Oral Debris / Calculus Index 





Good 0.0 to 0.6 
Fair 0.7 to 1.8 


Poor 1.9 to 3.0 
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4. Patient Hygiene Performance Index 





Simplified Oral Hygiene Index 


Good 0.0 to 1.2 
Fair |.3 to 3.0 
Poor 3.1 to 6.0 
Advantages: 


@ It is easy to use. 
@ It needs minimum training sessions to learn. 
@ It has a high level of reproducibility. 


@ Requires less time and hence can be used in field 
studies, sometimes in selected clinical trials and 
program evaluation. 


@ It may be used as an adjunct in epidemiological 
studies of periodontal disease. 


@ It determines the status of oral hygiene cleanliness 
In groups. 


@ It is useful in evaluation of dental health education 
procedures (immediate and long term effects). 


@ Inter and intra examiner errors are _ less. 
Limitations: 


@ As is the case of OHI, it does not mention about 
plaque, which is an important indicator of individual 
oral hygiene and is the main causative factor for 
periodontal diseases. 


@ It does not take into consideration primary or 
deciduous dentition and hence it cannot be applied to 
assess the oral hygiene status of children. 


@ It does not give any substitution when all the 
incisors of an individual are missing, or all the 
molars are missing; thus, these conditions leads to 
underestimation of the score. 


@ As we are considering only index teeth chances 
of under or over estimation are there if say like 
misalignment, acute oral conditions or fixed 
orthodontic wiring is present; jeopardizing the oral 
hygiene measures of an individual. 


@ It does not give any idea of the areas in the oral 
cavity which need special attention to maintain 
oral hygiene. 


(6) 


It was introduced by Podshadley AG and Haley JV 
in 1968. 


Methodology: 
@ It is a simplified index. 
@ The assessments are based on six index teeth 


It assesses the extent of plaque and debris over a 
tooth surface. 


The surfaces and teeth examined in this index are 
the following: 


Tooth [Surface 


16 Buccal 
I | Labial 
26 Buccal 
36 Lingual 
3 | Labial 
46 Lingual 


Substitution For Missing Teeth: 


@ When Ist molar is missing or less than 3/4th 
erupted or has full crown or is fractured the 
2nd molar is used, andthe 3rd molar is used 
if 2nd molar is also missing. 


@ When central incisor is missing adjacent incisor of 
opposite side is used. 


Procedure: 
@ Apply disclosing agent before scoring. 


@ Instruct the patient to swish for 30seconds 
andexpectorate, but not to rinse. 


@ The examination is made using mouth mirror. 


@ Each tooth surface examined is subdivided mentally 
into five sections. 


— Vertically: 2 divisions- mesial and distal. 


— Horizontally: The middle 3rdis divided into 
gingival, middle and occlusal third. 


Score for each 
subdivision 


0 no debris (questionable) 


| debris (definitely) present 


Periodontics & Oral Implantology 


Chapter 73 


Debris score for individual teeth 


¢ Add score for each of the 5subdivisions; the score 
ranges from 0 to 5. 


Calculation: 


@ To obtain the average PHP score for a group/ 
population; total the individual score anddivide by 
no of people examined. 


Interpretation: 


Score rating patient hygiene 





performance index 


Grade Score 
Excellent 0 
Good O.1-1.7 
Fair | .8-3.4 
Poor 3.5-5 
Advantages: 


@ It may be used both to document and assist in 
motivating changes in oral health habits. 


It is used to score the patient before and after 
imparting oral hygiene instructions and at the 
follow-up visits. 


@ It can be used to analyze and evaluate the 
effectiveness of home care methods that are being 
utilized in the program. 


@ It is used for individual patient education i.e. as 
aneducational aid. 


@ It is simple to use and can be performed quickly. 
Limitations: 


@ It does not consider calculus in the scoring criteria 
of an individual’s oral hygiene. 


@ It does not describe the substitution if all molars 
or incisors are missing. 


@ As we are considering only index teeth chances 
of under or over estimation remain; like in 
misalignment, acute oral conditions or fixed 
orthodontic wiring is present; jeopardizing the 
oral hygiene measures of an individual. 
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It focuses only over index teeth, thus; it no idea 
of the other areas in the oral cavity which need 
special attention to maintain oral hygiene is given. 


@ Use of disclosing agent for the index teeth will 
cause Staining of tongue and oral cavity of patient, 
and that could be disagreeable for the patient. 


5. Navy plaque index 


@ It was introduced by Grossman FD and Fedi PF 
in 1974. It was developed as part of the Navy 
Periodontal Screening Examination, along with 
the Navy Periodontal Disease Index. It reveals the 
plaque control status of the patient and emphasizes 
plaque in the cervical portion of the tooth which 
is in contact with thegingival margins. Comparison 
of scores over time can help guide intervention to 
prevent periodontal disease. 


16 
2\ 
24 
36 
4| 
44 


Substitutions: 


@ If 16, 24, 36 or 44 is missing, then substitute the 
next most posterior tooth. 


@ If 21 or 4l are missing, then substitute the 
nearest incisor in the arch. If all incisors are 
missing from the arch, then substitute a cuspid. 


Surfaces examined on each tooth 


facial 


lingual 
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Scoring: 6. Quigley and Hein’s plaque index as modified 
by Turesky et al.: 





Plaque Status Designated | Points 
Quigley G and Hein J proposed a system for scoring 


dental plaque in 1962. This was modified by 
Turesky et al in 1970 to more explicitly describe 
mild to moderate plaque deposits. 


Plaque in contact with M 3 
gingival tissue on mesial 
proximal surface 





Plaque in contact with G 2 
or lingual surface Quigley and Hein 
Plaque in contact with D 3 No plaque 0 


gingival tissue on distal 


‘ Flecks of stain at the gingival margin | 
proximal surface 


Plaque on facial or R Definite line of plaque at the gingival 2 
lingual surface of tooth margin 
surface but not in Gingival third of surface 3 
So eee wichie ineiyas Two-thirds of surface 4 
tissue 

Greater than two-thirds of surface 5 


Calculation 


For each tooth 


Modified Plaque Scoring System | Score 
¢ Facial points =(M points on facial aspect) + es A 


(G points on facial aspect) + (D points on No plaque 0 
facial aspect) + (R points on facial aspect). 





Separate flecks of plaque at the cervi- | 


¢ Lingual points = (M points on lingual aspect) + cal margin of the tooth 
(G points on lingual aspect) + (D points on A thin continuous band of plaque (up D 
lingual aspect) + (R points on lingual aspect). to | mm) at the cervical margin of the 
Generating the NPI: tooth 


A band of plaque wider than | mm 3 
covering less than one-third of the 
crown of the tooth 


@ Tooth score = (facial points) + (lingual points) 


@ NPI score = max (all 6 tooth scores) 


@ NPI total = sum (all 6 tooth scores) Plaque covering at one-third but less 4 
j than two-thirds of the crown of the 
= tooth 
DoS Genes oletass Uuare : Plaque covering two-thirds or more of 5 
Maximum Score for a Surface 9 the crown of the tooth 
Minimum Tooth Score 0 Scoring by the Turesky modification 
Maximum Tooth Score 18 All teeth assessed except third molars (Maximum- 
28). 
Maximum NPI Score Rs: | 
¢ A staining solution is used to show plaque 
Minimum NPI Total 0 deposits(Quigley and Turesky used basic fuchsin, 


Maximum NPI Total 108 Gordon used erythrosine). 


@ Both the facial and lingual surfaces examined 
(Maximum-56). 


(8) Periodontics & Oral Implantology 


Chapter 73 Gingival and Periodontal Indices ) 


@ A score is assigned to each facial and lingual non- @ Each surface with calculus is scored | point. 
restored surface. ¢ Calculus surface index = SUM(calculus points 
@ Total score = SUM(scores for all facial and lingual on the |6 surfaces surveyed) 
surfaces). Interpretation 
+ Index = (total score) / (number of surfaces ® Mininuneeores0 
examined) 
; ¢ Maximum score: 16 
Interpretation 


Residual calculus index: 
¢ Ascore of 0 or | is considered low. . 
@ It assesses the residual calculus after root 


instrumentation. The scores are as follows: 
Calculus surface index e0 


@ A score of 2 or more is considered high. 


= no residual calculus 


@ It was developed by Ennever J, Sturzenberger | 
OP, Radike AW in 1961. It is a measure of dental 
calculus formation. It can be used to quantitate 
the accumulation of dental calculus in short-term 
testing programs to evaluate the effectiveness of @ 3 = considerable amounts of remaining calculus. 
preventive care. 


Method 


@ Each of the 4 mandibular incisors is assessed 
on 4 surfaces (one labial, one lingual and two 
proximal). 


small patches of extraneous material, probably 
consisted of calculus 


@ 2 = definite patches of calculus 


Gingival Indices 


Gingival index refers to an ordinary and arbitrary system 
of measuring the state of the gingiva in order to be able 
to compare different population group at a given time, 
to determine and control risk factors, and to evaluate 
treatment efficacy. 





Color. 


Texture. 









Non-invasive/Visual 
assessment. {Visual signs of 
inflammation’ | 
















Changesin form. 


Based on clinical features of 


gingival inflammation Sanna BeuSnl Beene 











Invasive assessment 






Bleeding on 
stimulation/provocation. 











They correlate with 
inflammatory cell infiltrate | 
presence in gingival tissues. | 


Visual signs of inflammation — 
and bleeding on probing. 





Rationale 






GINGIVAL INDICES 





Fig 73.: Gingival indices 
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Index of gingival architectural form: 


This index is proposed for scoring variations 
in gingival architectural form. Its objective is to 
quantify gingival topography in numerical terms. The 
morphology of gingiva is recorded at three positions, 
the buccal margin, the papilla mesial to each tooth 
and the gingival margin. Values are given of zero for 
ideal, | for a deviation, such as blunting or cratering. 


The mouth is divided into sextants, with scores of 
each sextant added and divided by the number of 
teeth in each sextant. The possible score for a sextant 
is 0 to 6, with the mouth score being the sum of the 
sextants. 


. Gingival contour index: 


It records the gingival contour of both buccal and 
lingual margins (M) and interproximal papillae (P). The 
degree of gingival contour for all 3 areas is recorded 
from 0 to 4: 


@ 0 = feather edge (M) and tightly bound down, (P) 
filling the interdental spaces. 


@ | =rolled (M) and slightly rolled/enlarged (P). 

@ 2 = rolled (M) with blunting or cratering of (P). 

@ 3a = buccal and lingual portion of (P) detached by 
air jet. 

@ 3b = vertical clefts in (M). 

@ 4 = gross fibrous enlargement of (M) and/or (P). 


. Gingival pigmentation indices 


GP has three dimensions: aetiology, distribution, and 
severity. [he existing indices on GP are as follows. 


a. Oral pigmentation index (DOPI)-Dummet 
CO, Gupta OP in 1964 


This index of oral pigmentation is the commonly 
used index due to its simplicity and ease of use. 


The scores are as follows: 
No clinical pigmentation (pink-colored gingiva) 


Mild clinical pigmentation (mild light brown color) 


Moderate clinical pigmentation (medium brown 
or mixed pink and brown color) 

Heavy clinical pigmentation (deep brown or 
bluish-black color) 
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b. Melanin index: (Hedin CA.1977) 


This index has classified pigmentation as follows: 


No pigmentation 


One or two solitary unit(s) of pigmentation in 
papillary gingiva without the formation of a con- 
tinuous ribbon between solitary units 

More than three units of pigmentation in papillary 
gingiva without the formation of a continuous 
ribbon 

One or more short continuous ribbons of pig- 
mentation 

One continuous ribbon including the entire area 
between canines 


c. Melanin pigmentation index: (Hanioka I, Tanaka K, 
Ojima M, Yuuki K. in 2005) 


This index is not equipped to describe the degree 
of melanin pigmentation 


Takashi et al. have proposed another index to 
measure gingival melanin pigmentation. The index 
is as follows: 





Cea No pigmentation 


Score | = Solitary unit(s) of pigmentation in papil- 
lary gingiva without extension between 
neighboring solitary units 

Score 2. Formation of continuous ribbon ex- 


tending from neighboring solitary units 


d. Gingival pigmentation index: (Kumar S, Bhat SG & 
Bhat MK 2012) 


Score Q Absence of pigmentation 

Score | Spots of brown to black color or pig- 
ments 

Score 2. Brown to black patches but not diffuse 
pigmentation 

Score 3. Diffuse brown to black pigmentation, 


marginal, and attached 


e. Gingival melanin pigmentation and pigmented 
lesions index: (Peeran et al. 2014) 
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e. Gingival melanin pigmentation and pigmented lesions index:(Peeran et al. 2014) 


Score 0 Coral pink-colored gingiva, no gingival pigmentation, and/or pigmented lesions 

Score | Mild, solitary/diffuse, gingival melanin pigmentation involving anterior gingiva, with or without the 
involvement of posterior gingiva 

Score 2 Moderate to severe, solitary or diffuse, gingival melanin pigmentation involving anterior gingiva 
with or without the involvement of posterior gingiva 

Score 3 Gingival melanin pigmentation only in posterior gingiva 

Score 4 Tobacco-associated pigmentation: Smoker's melanosis, chewing tobacco 

Score 5 Gingival pigmentation due to exogenous pigments-Amalgam tattoos arsenic, bismuth, chewing 


betel nut, cultural gingival tattooing, drinks, food colors, lead-Burtonian line, mercury, silver, topical 
medications, idiopathic,etc 


Score 6 Gingival pigmentation due to other endogenous pigments: Bilirubin, blood breakdown products, 
ecchymosis, hemochromatosis, hemosiderin, petechiae,etc 

Score 7 Drug-associated gingival pigmentation: Antimalarial drugs, minocycline, oral contraceptives etc 

Score 8 Gingival pigmentation associated with other causes:Addison’s disease, albright’s syndrome, basilar 


melanosis with incontinence, hereditary hemorrhagic telangiectasia, HIV patients, lichen planus, 
neurofibromatosis, Peutz-Jeghers syndrome, pyogenic granuloma/granulomatous epulis etc 


Score 9 Pigmented benign lesions: Hemangioma, melanocytic nevus, pigmented macule 


Score |0 Pigmented malignant lesions: Angiosarcoma, Kaposi's sarcoma, malignant melanoma 


Gingival Inflammation Measurement Indices 


|. PMA Index 


One of the first quantitative gingival indices is the P-M-A Index developed by Schour and Massler in|944-1947, 
probably derived from the index suggested by King. The degree of gingivitis for each of the papillary (P), marginal 
(M) and attached (A) unit is as follows: 
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P 

M 0 
|+ 
2+ 
3+ 
4+ 
5+ 


0 
|+ 
2+ 
3+ 
4+ 
5+ 


Normal; no inflammation. 

Mild papillary engorgement; slight increase in size. 

Obvious increase in size of gingival papilla; hemorrhage on pressure. 
Excessive increase in size with spontaneous hemorrhage. 

Necrotic papilla. 

Atrophy and loss of papilla (through inflammation). 


Normal; no inflammation visible. 

Engorgement; slight increase in size; no bleeding. 

Obvious engorgement; bleeding upon pressure. 

Swollen collar; spontaneous hemorrhage; beginning infiltration into attached gingivae. 
Necrotic gingivitis. 


Recession of the free marginal gingiva below the CE] due to inflammatory changes. 
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A 0 Normal; pale rose; stippled. 
[+ Slight engorgement with loss of stippling; change in color may or may not be present. 
2+ Obvious engorgement of attached gingivae with marked increase in redness. Pocket 


formation present. 


ae Advanced periodontitis. Deep pockets are evident. 


The index was designed primarily for the examination of gingivitis in children. It was developed with the purpose 
of quantifying the number of gingival units affected in the mandibular and maxillary incisor areas 


Modifications of the PMA Index: 


Several modifications of the PMA Index have been suggested. For example, Parfitt TM added the buccal and lingual 
gingiva and divided the degree of inflammation into five arbitrary levels. The severity of inflammation in each 
gingival area for both buccal and lingual aspects was evaluated separately. 


Further modifications of the P-M-A Index have been described by Muhlemann and Mazor, Arno et al., Heylings, 
Jackson, and others. 


Modified PMA-I 


Muhlemann and Mazor, in a study on the prevalence of gingivitis in a population of Zurich school children measured 
gingivitis by concentrating on the P and M units and discarding the A units. Also, the severity of gingivitis was 
evaluated. 
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| Bleeding from the gingival sulcus on gentle probing, the P-M showing no change of color and no 
swelling. The papillary and marginal gingivae have a "normal appearance." 


II Bleeding from the gingival sulcus on probing plus change of color due to inflammatory distur- 
bances of P-M Units.No swelling or microscopic edema. 


III Bleeding plus change of color plus edematous swelling of P-M Units. 
For example: P (I) means healthy papilla. PM (Il): papilla and marginal gingivae, 


Bleeding and hyperemic.An (Il) Attached gingivae with inflammatory color change. 


The degree | was the criterion of beginning gingivitis and an individual showing a single P(l) or M(I) unit classi- 
fied as having localized gingivitis. 


2. Sulcus Bleeding Index 


The Sulcular Bleeding Index is an index for assessment of gingival bleeding, developed by Muhleman H.R. Son S in 
1971. They suggested the use of a “sulcus bleeding index” (SBI) because they believed that bleeding from the sulcus 
is the earliest clinical symptom of gingivitis and that it even precedes discoloration and swelling. 


The major characteristics of the SBI were: 


@ For all severity scores, diagnosis of inflammation is madeonly if bleeding occurs upon gentle probing of the 
sulcus. 


@ Apparently healthy gingival units without color changes or swelling are diagnosed as inflamed and score | if 
bleeding occurs upon gentle probing. 


(2) Periodontics & Oral Implantology 


Chapter 73 Gingival and Periodontal Indices 
@ The SBI uses 8 maxillary and mandibular anterior teeth, and 4 gingival units are scored for each tooth: M labial, 


M lingual, P mesial, P distal. 
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Fig. 73.4 Gingival Bleeding on Provocation 


3. Papillary Bleeding Index: 


The SBI was further modified in 1977 when Muhlemann suggested the use of a papillary bleeding index (PBI) as an effective 
index to motivate patients for improving their gingival health. The rationale of this index is that marginal periodontitis and 
alveolar bone loss begin interproximally, and the effectiveness of preventive procedures are more easily related to the presence 
or absence of interdental plaque. The results are then translated into numerical scores which are easily comprehensible by 
the patient. 
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0 No bleeding. 

| Only one bleeding point appearing. 

2 Several isolated bleeding points or a 
small blood area appearing. 

3 Interdental triangle filled with blood 
soon after probing. 


4 Profuse bleeding when probing, 
blood spreads towards the marginal 
gingiva. 


4. The Gingival Index 


Gingival index (Gl) was given by Harold Loe and 
Silness. 


The main purpose of the gingival index is for 
the assessment of the gingival condition which 
distinguishes between the quality of the gingiva 
(severity of the lesion) and the location as related 
to the four (buccal, mesial, distal, lingual) areas which 
make up the total circumference of the marginal 
gingiva. 


The gingival index does not consider periodontal 
pocket depth, degree of bone loss or any other 
quantitative change of the periodontium. The criteria 
are entirely confined to Qualitative Changes in the 
gingival soft tissue. 


a 


Normal gingiva 





| Mild inflamma- Slight change in color, slight 


tion edema. No change on probing. 
2 Moderate Redness, edema, and glaz- 
inflammation — ing. Bleeding on probing. 
3 Severe inflam- Marked redness and 
mation edema, ulceration. Ten- 
dency to spontaneous 
bleeding 
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Score 0: is given when the gingiva is pale pink to 
pink in color. The surface after drying is matt. The 
degree of stippling may vary. The gingival margin may 
be located on the enamel or at various levels apical 
to CEJ. The form of interdental gingiva depends on 
the shape and size of interdental areas. The tip of 
the papilla should be most incisally or occlusally 
located part of the gingiva. On palpation with 
pocket probe, the gingiva should be firm. 


Score I: is the score given when the gingiva is 
subject to mild inflammation. The gingival margin 
is slightly more reddish or bluish red than normal, 
and there is slight edema of the margin. A colorless 
gingival exudate may be observed or collected at the 
entrance of the crevice. Bleeding is not provoked 
when the probe is run along the soft tissue wall of 
the entrance of the gingival crevice. 


Score 2: This is the score for a moderately inflamed 
gingiva. The gingiva is red or reddish blue and glazy. 
There is enlargement of the margin due to edema. 
Bleeding is provoked when the probe is run along 
the soft tissue of the wall of the gingival crevice. 


Score 3: is the score for severe inflammation. The 
gingiva is markedly red or reddish blue and enlarged. 
Tendency for spontaneous bleeding and ulceration. 
Armamentarium 

¢ Mouth mirror 

@ Periodontal probe 

@ Tweezer 

@ Kidney trays 

¢ Cotton 

Method of Examination 

@ Examination starts with the right upper second 


molar, is continued over the midline to the upper 
left second molar. 


@ On the right side, the sequence will be thedistal, 
buccal, and mesial surface. 


@ On the left side, it is themesial, buccal and distal 
surface. 


@ The palatal surfaces of all maxillary teeth are 
assessed beginning with the upper left second 
molar. 
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@ Examination of the lower jaw starts with, the 
lower left second molar and is carried through to 
the lower right second molar. 


@ On the teeth of the left side, the sequence will be 
distal, buccal, mesial surface 


¢ On those of the right side, it is themesial, buccal 
and distal surface. 


@ Finally, all lingual surfaces are scored beginning 
with the lower left second molar. 


Calculation of the Index 


Each of the four gingival areas of the tooth is 
given one score from 0-3, this is the gingival index 
for the area. The scores from the four areas of 
the tooth may be added and divided by four to give 
the gingival index for the tooth. Finally, by adding 
the individual scores of the tooth and dividing by 
the number of teeth examined, the gingival index 
for the individual is obtained. 


Interpretation of scores 


Score Taikslaelase-katele 


0.1-1.0 Mild inflammation 
|.1-2.0 Moderate inflammation 
2.1-3.0 Moderate inflammation 
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5. Gingival Bleeding Index (GBI) 
It was developed by Ainamo and Bay. Because of 
the subjective nature of many of the earlier indices, 
and observations that bleeding is a simple, reliable 
indicator of gingival inflammation, Ainamo and Bay 
simply used the presence or absence of bleeding on 
gentle probing as the only criterion for their index. 
Blunt periodontal probe is passed along the gingival 
crevice, and if bleeding occurs within 10 to I5 
seconds, a positive score is given. The number of 
positive units is divided by the number of gingival 
margins examined, and the result is multiplied by 
100 to express the index as a percentage. This 
index has been adopted in several epidemiological 
and clinical studies in Scandinavia with a relatively 
high degree of reliability. 


. Gingival Periodontal Index (GPI) 


lt was developed by O’Leary. The GPI was developed 
to screen the need for periodontal treatment. Probing 
is restricted to the mesial-facial line angle of each 
tooth. The mouth is divided into six segments, and 
the highest score found for any one of the teeth in a 
segment is recorded as the score for that segment. 


score [evicera 


0 Tissue tightly adapted to the teeth, firm consistency with physiologic architecture. 


| Slight to moderate inflammation as indicated by changes in color and consistency.Involving one or 
more teeth in the same segment but not completely surrounding any one tooth. 


2 The above changes singularly or combined completely encircle one or more teeth in a segment. 


3 Marked inflammation as indicated by loss of surface continuity (ulceration), spontaneous hemor- 
rhage, loss of faciolingual continuity or any interdental papilla, marked deviation from normal con- 
tour, such as gross thickening or enlargement covering more than one-third of the anatomic crown, 


recession, and clefts. 


Scores of 4,5 and 6 are given to periodontal disease segments 


4 When the probe extends up to 3 mm apical to the CE] of any tooth in the segment. 


When the probe extends from 3 to 6 mm apical to the CEJ of any tooth in the segment. 


6 When the probe extends 6 mm or more apical to the CE] of any tooth in the segment. 


The highest score found for each dentulous segment is recorded and the sum divided by the number of segments 


to give the GPI score for the individual. 
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Inflammatory Index (Pihlstrom and Ramijford 1971, 
Rosenberg and Ash 1974) 


It is an assessment of the percentage of the total number 
of extravascular inflammatory cells in the subepithelial 
connective tissue within a given microscopic field. The five 
predetermined microscopic fields are viewed in a buccal- 
lingual section of the tissue, with the five areas scattered 
throughout the specimen. 


They begin subjacent to the crevicular epithelium and end 
at the most coronal projection of the alveolar crest. 


Bleeding On Marginal Probing Index: (Van der 


Weijden et al. 1994): 


A Williams periodontal probe (tapered tine, tip diameter 
0.5 mm) is inserted into the gingival crevice to a depth of 
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approximately 2 mm. It is run along the marginal gingiva 
at an angle of approximately 60° to the longitudinal axis 
of the tooth. The presence or absence of bleeding is 
scored within 30 secs after probing. 


Eastman Interdental Bleeding Index/Interdental 
Bleeding Index: 


lt was developed by Caton and Polson (1985). A wooden 
interdental cleaner is inserted horizontally between the 
teeth from the facial aspect, depressing the interdental 
tissues | to 2 mm. Care is exercised not to point directly 
the interdental cleaner apically. This insertion of interdental 
cleaner is repeated four times and the presence or 
absence of bleeding within I5s is recorded. It can be 
of use in clinical trials and epidemiological studies. The 
number of bleeding sites in this index is expressed as a 
percentage of the total number of sites evaluated. 


Method Used to Provoke Gingival Bleeding in Various Gingival Indices 





e Periodontal probe. e Periodontal probe. e 


Wooden interdental e 


Tooth brush.eg: =e +Interdentalbrush 


© “Bottom’/Base of the MenmeIcinGen gerade cleaner. eg: Eastman Quantitative | eg. Bleeding on 
Interdental Bleeding Gingival Bleeding Interdental 
pocket (Van der Velden gold standard to check 
ak (EIB) index, Papillary Index (QGBI) Brushing Index 
1979, Lang et al. 1991). gingival bleeding. 
Bleeding Score 
e By inserting the probe e Marginal probing:A (PBS) 


parallel to the root 
surface directed apically 
towards the perceived 
location of the root 
apex 


probe is run along the 
soft tissue wall at the 
orifice of the pocket 
eg: Loe 1967, Sulcus 
Bleeding Index (SBI), 
Bleeding on Marginal 
Probing Index. 


The Quantitative Gingival Bleeding 
index: (Garg and Kapoor 1985): 


This index takes itemizes the magnitude of blood 
stains covering toothbrush bristles on brushing. Thus, in 
this index gingival bleeding is provoked by toothbrushing 
and squeezing gingival tissue units in a segment. A single 
score is then allocated for a segment. Segments include 
canine to canine, or left or right pre-molars and molars 
in maxillary or mandibular arches making up a total of six 
segments. 


fy 


Table 77.1: Scoring 


ES 


0 No bleeding on brushing; bristles free from 
bloodstains. 


| Slight bleeding on brushing; bristle tips stained 
with blood 

2 Moderate bleeding on brushing; about half 
of bristle length from tip downwards stained 
with blood. 

3 Severe bleeding on brushing; entire bristle 
length of all bristles including brush head 
covered with blood. 


Periodontics & Oral Implantology 


Chapter 73 


Bleeding is immediately evident on the bristles of the 
toothbrush; however, 30 seconds were allowed for 
reinspection of each segment. The authors claim that the 
index has the following advantages: 


@ Good reproducibility. 
@ Reliability. 

@ Objectivity. 

@ Simplicity of use. 


Bleeding On Interdental Brushing Index: (Hofer et 
al. 2010) 


This index is performed with a one pass-through with 
a light interdental brush placed buccally, just under the 
contact point and guided between the teeth with a jiggling 
motion, taking care not to exert force. If the brush met any 
resistance,a smaller brush was substituted,and the insertion 
procedure is repeated.The authors have described the 
possible advantages of using an interdental brush to test 
for interdental gingival bleeding as follows: 


¢ Atraumatic:Atraumatic manipulation of the papillae. 
@ Easy application. 


@ Integration into existing oral hygiene instruction. 


Invasive Gingival 
Indices 
GINGIVAL INDICES | 
Non-Invasive 
Gingival Indices 
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@ Motivational tool: Helps in motivating patients to 
monitor their own progress at home. 


¢ Oral hygiene procedure: It removes 
interdental plaque that may be present. 


any 


Interdental Pressure Index (Luigi et al. 2014): 


Use of Interproximal hygiene device, adjacent to a 
periodontal pocket leads to 


@ Keratinization of the dental col. 
@ Shrinkage and flattening of the papillae. 
@ A resulting decrease in pocket depth. 


The available indices with regards to the interdental 
tissue inflammation record only bleeding and neglect 
other important clinical signs of gingival inflammation. 
The “Interdental pressure index” (IPI), was developed 
specifically to record interproximal tissue status. In this 
index, the clinical responses of periodontal tissues to 
firm and continuous apical pressure reaching maximum 
compression with minimal discomfort to the patient with 
a horizontally placed periodontal probe is_ scored. 
Gingival consistency, colour, and bleeding are recorded. 
The index is negative when the gingival tissues are firm, 
do not bleed and are slightly ischemic. However, if any of 
these signs is absent, then the assigned score is positive. 


They have components 
that are assessed 
invasively. 


Eg: Bleeding on 
Provocation 


They are considered 
objective in nature 


Es: Gingival 
architecutre, colour, 
spontaneous bleeding 


They have components 
that are assessed non- 
invasively 


They are largely 
subjective in nature 


Fig. 73.5 Types of gingival indices 
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Gingival Inflammation Index For Frail Elders 
(Donnelly et al. 2010) 


This index comprises of a simple dichotomous based on 
non-invasive, visual assessment of the tooth/root/implant 
surface. The authors have presented the following as the 
specific criteria of the index: 


|. All teeth, including fractured teeth, root tips and 
implants are to be assessed. 


2. Each tooth is assessed at 6 
gingiva (Mesiobuccal, buccal, 
mesiolingual, lingual and distolingual). 


areas of the 
distobuccal, 


3. Redness defined as any area of the gingival unit no 
longer appearing coral pink. 


4. Swelling defined as loss of scalloping, knife edge or 
stippling of any of the gingival unit. 

5. Overall gingivitis score calculated by summing all 
scores and dividing by the number of surfaces. 


6. Overall score will determine extent or percentage 
of gingival inflammation. 


7. 0.00-0.33 = minimal, 0.34-0.66 = moderate, 0.67-1!.00 
= extensive. 
The scores are as follows: 
QO - No visual sign of redness or swelling. 


| - Visual signs of redness or swelling. 
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A mirror and light are required to perform the index. The 
index is simple, easy to perform and does not require 
antibiotic prophylaxis. 


Trauma From Occlusion Index: (Jin LJ and Cao 
CF 1992) 


This is an index that measures trauma from occlusion. 
It consists of recording apparent function mobility and 
radiographic widening of the periodontal ligament space. 


Functional mobility is recorded for each maxillary tooth in 
accordance withthe following scale: 


¢ 0=no tooth mobility during habitual centric closure 
and excursive mandibular movements. 


@ | = tooth mobility detected only in centric closure 
or excursive movements. 


@ Il = significant tooth mobility detected during both 
centric closure and excursive mandibular 
movements. 


The radiographic parameters included: 


(1) % of alveolar bone height. i.e. The percentage of 
mesial and distal osseous support for each tooth and 


the mean bone height of each tooth was recorded. 


(2) 


Presence or absence of widened periodontal ligament 
space around the zones of root. 


State of lamina dura: — | =thickened: O = normal; | 
= loss of continuity or absence. 


(3) 


It can be used for the identification of occlusal trauma. 
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Gingival and Periodontal Indices 


PERIODONTAL INDICES 


Periodontal Disease Measurement Indices 


Table 73.2 Commonly used periodontal indices for disease measurement. 


All teeth are examined;tooth is 
unit when in doubt, lower score 


PDI Selected teeth only, tooth is unit 


PDR 


Periodontal disease rate percentage of 


Russell, 1956 reversible/irreversible 


Ramfjord, 1959 first part reversible, 


Second part irreversible 


Sandier & Stahl, 1959 reversible/irreversible 


teeth affected with periodontal disease 


Pocket depth and 
loss of surface 
attachment in mm 


NPDI Six selected teeth 


Periodontal Index 


This was developed by RUSSEL AL over a period of 
ten years in 1956. It is essentially an epidemiological 
tool. In epidemiology, the tool of study is the 
population and is not the individual. Hence this method 
is inappropriate in diagnosis for the individual dental 
patient but is useful and valid in the field. 


The rationale for this method was based on the 
data published by Sandler and Stahl (1954). Who 
compared gingival scores for individual scores for bone 
loss, using radiographs. They concluded that for the 
individual patients, estimated of recession was unreliable in 
estimation of bone loss 


Field epidemiology is not the study of disease as a disease, 
but it is study of group characteristics of people in whom 
disease occurs. Thus, for disease like periodontal the aim 
is to establish the relative prevalence of conditions by 
simple means, way of life or environment which are 
responsible for disease in group as whole. 
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All teeth or selected teeth,tooth,is a unit 


Glavind& Loe, 1967 Irreversible 


Pocket score, 
irreversible: gingival 
portion of score 
reversible 


Grossman, 1974 


The Periodontal Index was developed to function in this 
situation. 


PERIODONTAL INDEX ESTIMATES 


PERIODONTAL DISEASE BY 





PRESENCE AND 
ABSENCE OF POCKET MASTICATORY 
GINGIVAL FORMATION FUNCTION 
INFLAMMATION 


It is probably the most widely used index. It is a composite 
index as it records both reversible and _ irreversible 
changes. 


Method 


The method is essentially similar to that followed in scoring 
dental caries in experimental animals, or in assessing dental 
fluorosis in human populations. The condition of the 
investing tissues is estimated individually for each tooth in 


(9) 
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the mouth and is scored according to a progressive scale. The scale gives relatively little weight to soft tissue 
inflammation and relatively great weight to destruction of bone. The score for an individual patient is the arithmetic 
average of the scores for the teeth in his mouth. The population score is the arithmetic average of the individual 
scores for the persons examined. Scores may be computed for a population of teeth (for example, for mandibular 
first incisors) as well as for persons. 


Field Equipment 


Mouth mirror and explorer are occasionally supplemented by a straight Jacquette scaler or chip blower for 
demonstration of a periodontal pocket. Adequate light is essential, preferably from a source corrected to the 
approximate color of sunlight. 


Table 73.3: Scoring Criterion 


Criteria and scoring for field studies Additional x-ray criteria 





0 Negative. There is neither overt inflammation in the Radiographic appearance is essentially normal 
investing tissues nor loss of normal function due to 
destruction of supporting tissues 
| Mild Gingivitis. There is an overt area of inflammation 
in the free gingivae, but this area does not circum- 
scribe the tooth. 


iD Gingivitis. Inflammation completely circumscribes the 
tooth, but there is no apparent break in the epithelial 
attachment. 
4 (Not used in the field study) There is early, notch like resorption of the alveolar 
crest. 
6 Gingivitis with Pocket Formation. The epithelial There is horizontal bone loss involving the entire 


attachment has been broken, and there is a pocket alveolar crest, up to half of the length of the tooth root 
(not merely a deepened gingival crevice due to (distance from apex to cementoenamel junction) 
swelling in the free gingivae). There is no 

interference with nor-mal masticatory function, the 

tooth is firm in its socket and has not drifted. 


8 Advanced Destruction with Loss of Masticatory There is an advanced bone loss, involving more 
Function. The tooth may be loose; may have drifted; than one-half of the length of the tooth root; or a 
may sound dull on percussion with a metallic instru- definite intrabony pocket with definite widening 
ment; may be depressible in its socket. of the Periodontal membrane. There may be root 

resorption or rarefaction at the apex 


Rule of thumb: when in doubt, assign the lesser score 


Calculation Given below is the relationship between clinical diagnoses 
The Pi score per individual is obtained by adding all individual ™ade for treatment planning in clinical center /dental clinic, 


scores and dividing by numberof teeth present or examined. pavonal Ins irute Oh ae ns oe 
0.1-0.3 Score-Reversible:Clinically normal supportive tissue. 


PI Score = Sum of Individual Score 0.4-0.9 Score-Reversible: Simple gingivitis. 
Micah Tact Precane |.0-1.9 Score: Reversible: Beginning of Destructive periodontal 


These numbers would be meaningless until they have See 
- 2.0-4.9 Score: Irreversible: Established Destructive periodontal 
some systematic relationship to clinical conditions or disease 


prognosis on treatment. 5.0-8.0 Score: Irreversible: Terminal disease. 
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Advantages 
@ Simple to use 


@ Precise methods have proved to provide adequate 
data on periodontal disease 


Disadvantages 
@ It tends to underestimate the true level of disease 


@ Number of periodontal pockets without supragingival 
calculus is underestimated variation due to subjective 
methods 


Uses 
@ Used in epidemiological surveys 


@ More data can be assembled using PI than any other 
index of periodontal disease. 


@ Used in national health survey (NHS) in the United 
States. 


Periodontal Disease Index (PDI) 


The periodontal disease index (PDI) of Ramfjord(1959) 
has like the Pl, a gingival and periodontal component. Only 
six selected teeth, namely numbers 16, 21, 24, 36, 41, and 
44 are used. For the gingival status of health or disease, the 
assigned value represents essentially a combinationof the 
P-M-A (without the part of the attached gingiva) and the PI 
index. Again the tooth represents the unit. 


Table 73.4: 
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0 Absence of signs of inflammation. 


| Mild to moderate inflammatory changes not 
extending around the tooth. 


Mild to moderately severe gingivitis extending 
all around the tooth. 

3 Severe gingivitis characterized by marked 
redness, swelling, a tendency to bleed and 
ulceration. 


Most of the criteria are based on subjective evaluations. 
Method 


The gingival tissues are first gently dried,and changes in color 
are measured by comparing the color corresponding to the 
buccal, lingual and interproximal surfaces of adjacent teeth. 
Emphasis is placed on the uniformity or lack of uniformity of 
colour rather than to the different shades of color hues. 
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Color changes are usually towards redness; however severe 
inflammatory changes may lead to a bluish or purplish hue. 
Contour changes in the papilla such as blunting or rounding 
of the margin of the gingivae and thickening of the papilla 
are also recorded. The score of 3 is usually used only 
when there is ulceration with bleeding upon gentle 
touching with the side of a periodontal probe or the 
redness or change in gingival contour is very severe. 


For the periodontal component of the PDI, the loss of 
periodontal attachment is classified into three categories. 

In order to assign a tooth into the correct category, the 
distance from the free gingival margin to the CEJ and the 

distance from the free gingival margin to the bottom of 

the gingival crevice or pocket have to be recorded for 

the mesial, buccal, distal, and lingual aspects of each tooth 
examined. The interproximal recording has to be secured 

at the buccal aspect of the interproximal contact areas 

with the probe pointing in the direction of the long axis of 
the tooth. 


A. 


¢ Measure from the gingival margin to CE] and 

record the measurement on the crown of the 
schematic tooth. If the epithelial attachment is on 
the crown and the CE] cannot be felt by the 
probe, record the depth of the gingival crevice on 
the Crown. 


If the gingival margin is on enamel: 


Measure from the gingival margin to the bottom 
of the pocket when the crevice extends apically to 
the CE] -- the measurement should be recorded on 
the root of the schematic tooth. (The distance from 
the CE] to the bottom of the pocket can then be 
found by subtracting measurement number | from 
measurement number 2.) 


If the gingival margin is on cementum: 


Measure from the CE] to the gingival margin. Record 
as minus value on the root of the schematic tooth. 


Measure from the CE] to the bottom of the gingival 
crevice. Record value on the root. 


The first part of this index is reversible, and scores of |, 2, 
and 3 represents a measurement of gingivitis with little or 
no periodontal involvement. On the other hand, scores of 
4-6 are used to measure loss of periodontal attachment 
and are essentially irreversible. A score of 4 is assigned if 
the loss of attachment is 3 mm or less, a score of 5 is 
assigned if the loss of attachment is greater than 3 mm but 


Ay 
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less than 6 mm. If the loss of attachment is 6 mm or more, 
a score of 6 is given to a particular tooth. 


Periodontal Disease Rate (PDR) 


Is Index was develope y Sandier an ta 
(1959). The periodontal disease rate is a relatively 
simple index where the number of diseased teeth are 
counted and then divided by the total number of teeth 
present in the mouth. It is expressed as a percentage. The 
authors claim that the simple index gives a very high 
correlation with Russell’s Pl. It is expressed by the 
formula: 

PDR=at+b 
a 





Where “a” is the number of teeth affected by periodontal 
disease, and “b”’ is equal to the number of unaffected teeth. 
The criteria used to indicate whether the tooth is affected 
by periodontal disease or not are as follows: 


@ Gingival necrosis, hypertrophy, or inflammation 
encircling the teeth or a purulent exudate from the 
gingival crevice. 


A gingival crevice depth of 3 mm or more. 
@ Tooth mobility greater than | mm in any direction. 


@ Radiographic evidence of resorption of alveolar bone 
extending more than 3 mm apically from the CEJ. 


Pocket Depth and Loss of Attachment 


This index was given by Glavind and Loe (1967). Both 
Russell’s Pl and Ramfjord’s PDI have qualitative and 
quantitative criteria and a_ gingival and _ periodontal 
component. The pocket depth and loss of attachment 
in relation to the CEJ as a fixed point of reference are 
expressed in millimeters. The criteria of pocket depth and 
loss of attachment measurements are defined as follows. 


Pocket depth: 
It refers to the distance from the gingival margin to the 


bottom of the clinical pocket. Mesial and distal pockets 
are measured from the buccal aspect and as close as 
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possible to the contact points. Facial and oral pockets were 
measured at the midline of the roots. Buccal and lingual 
pockets of multi-rooted teeth were measured at the mesial 
roots to avoid the furcation areas. Efforts were made 
to insert the probe parallel to the axes of the roots. A 
force of approximately I|0 grams was used during the 
introduction of the probe to the bottom of the pocket. 


Loss of Attachment: 


It refers to the distance from the CE] to the bottom of 
the clinical pocket. The loss of attachment was assessed 
on the same surfaces of the same teeth and with the same 
probe as used for pocket depth assessments. Following 
the recognition of the CEJ, the distance from the gingival 
margin to the CE] was measured. When the CE] was 
located apical to the gingival margin, the loss of 
attachment would be the difference between the 
previously recorded depth of the pocket (A) and the 
distance (B) from the gingival margin to the CE): 


A —B = loss of attachment. 


In cases where the marginal gingiva had been subject to 
recession and the CE] was exposed, the loss of attachment 
equaled the sum of the pocket depth and the distance from 
the gingival margin to the CE}: 

A + B = loss of attachment. 


The measurements were carried out with a 0.8 mm thick 
pocket probe which was marked at each mm from | to 
[2. Pocket depth or loss of attachment of | mm or less 
was recorded as | mm, measurements exceeding | 
mm, but less than 2mmwere recorded as 2 mm, etc. 


Navy Periodontal Disease Index (NPDI) 


lt was introduced by Grossman in |974.As for the Ramfjord 
PDI, this index consists of two components, a gingival score 
and a pocket score of six selected teeth, namely 
tooth numbers 16, 21, 24, 36, 41, and 44. The periodontal 
disease index is based on the sum of the gingival score 
and the pocket to derive the tooth score. 
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Gingival Scores 


0 Gingival tissue is normal in color and tightly adapted to the tooth -- tissue is firm, and no exudate is 
present. 


| Inflammatory changes are present but do not completely encircle the tooth. Changes may include one 
or a combination of the following: 


@ Any change from normal gingival color, 
@ Loss of normal density and consistency, 
Slight enlargement or blunting of the papilla or gingiva, 
@ Tendency to bleed upon palpation or probing. 
2 Inflammatory changes listed above completely encircle the tooth. 
Pocket Scores 


With calibrated periodontal probe take six measurements of each designated tooth - mesial, middle, and distal areas 
of the facial and lingual surfaces. The greatest single measurement determines the pocket score for the tooth. 


0 Probing reveals sulcular depth, not over 3mm. 
5 Probing reveals pocket depth greater than 3 mm, but not over 5 mm. 
8 Probing reveals sulcular depth, not over 5mm. 


Periodontitis Severity Index = Cotondeviarion 


— If none of these findings are present, the clinical 
The Periodontitis Severity Index (PSI) was developed by inflammation score is 0. 


Adam RA and Nystrom GP in!985 to assess the severity 
of periodontitis and distinguishes between clinically 
healthy and inflamed sites. Periodontitis is diagnosed on 
the concurrence’ of clinically apparent marginal 2. Bone Loss Score 
inflammation and vertical loss of supporting periodontium. 
In the presence of marginal inflammation, the PSI is 
directly proportional to the percentage of bone loss. The 
severity of the associated clinical inflammation does not 
seem to be related to the severity of the tissue loss. 


If any one of these findings is present, the clinical 
inflammation score is |. 


A Schei ruler is a transparent plastic ruler used to 
determine the percentage of bone loss for a tooth 
surface from the radiograph. 


|. Clinical Inflammation Score 
Signs of gingival inflammation: 
* oedema 
¢ Suppuration 
¢ Bleeding upon provocation 


e Increased crevicular fluid flow 
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Bone Loss in percentage Bone Loss Score 


0 0 
|-10% | 
10-20% 2 
20-30% 3 
30-40% 4 
40-50% 5 
50-60% 6 
60-70% 7 
70-80% 8 
80-90% 9 
90- 100% lO 


Periodontal Severity Index 


@ For each mesial (medial) and distal tooth surface, the 
following is calculated: 


Table 77.6: 
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@ Periodontal severity index (PSI) =(clinicalinflammation 
score) * (bone loss score) 


@ Mean periodontal severity index =SUM (all PSI scores) 
/ (total number of surfaces) 


Interpretation 


A PSI of 0 can occur if either when no bone loss has 
occurred or if the gingiva is healthy. 


Maximum PSI: 10 
Index Of Recession (IR) — Smith 1997 


This index considers vertical and horizontal extent of 
root exposure. The facial and lingual sites of root 
exposure are evaluated separately. This is an extensive 
index for recording gingival recession on both buccal and 
lingual aspects. 


The vertical extent is calculated from the cemento- 
enamel junction as a reference point. 


If the vertical extent of recession encroaches into the 
mucogingival junction or extends beyond it into the 
alveolar mucosa, an asterisk (*)is shown on the vertical 
score. A prefixed letter (F or L) is added and it denotes 
whether the recession is on the facial or lingual aspect of 
the tooth. 


Scoring of IR 


The horizontal component - the first digit - is expressed as a whole number value from the range 0-5 depending on 
what proportion of the CE] is exposed, on either the facial or lingual aspects of the tooth, between the mesial and 


distal midpoints (MM-MD distance) approximally. 
Score Criteria 


0 No clinical evidence of root exposure 


| As 0, but a subjective awareness of dentinal hypersensitivity in response to a | second air blast is 
reported,and/or there is clinically detectable exposure of the CEJ for up to 10% of the estimated MM- 


MD distance: a slit-like defect 


Horizontal exposure of the CEJ>l0% but not exceeding 25% of theestimated MM-MD distance 


2 
3 Exposure of the CE] >25% of the MM-MD distance but not exceeding 

4 Exposure of the CE] >50% of theMM-MD distance but not exceeding/5% 
5 Exposureof the CE] >/75% of the MM-MD distance up to 100%. 


The vertical component- second digit of the IR gives thevertical extent of recession measured in whole mm on 


a range 0-9 


(wy 
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0 No clinical evidence of root exposure 
| AsO, but a subjective awareness of dentinal hypersensitivity is reported,and/or there is clinically 
detect-able exposure of the CEJ not extending >| mm vertically to the gingival margin. 
2-8 Root exposure 2-8 mm extending vertically from the CE] to the baseof the soft tissue defect. 
9 Root exposure >8 mm from the CE] to the base of the soft tissuedefect. 


Periodontal Screening And Recording (Psr) 
Index 


@ It was introduced in 1992 by American 
Academy __ of Periodontology (AAP) and 
American Dental Association(ADA) endorsed by 
the World Health Organization (WHO). 


@ It is an adaptation of the Community Periodontal 
Index of Treatment Needs (CPITN). 


@ It is used to measure gingival bleeding upon probing, 
calculus on a tooth, and periodontal pocket depth in 
each sextant of the oral cavity. 


Calculating PSR 


@ The highest score in a sextant is recorded as the PSR 
score for the sextant. 


@ Only one score is recorded for each sextant of the 
oral cavity. 


@ AWHO/CPITN/PSR probe is used to examine each 
tooth individually. 


[score] Criteria 


0 Pocket depth is < 3.5 mm, no bleeding upon 
probing, and no calculus 

| Pocket depth is < 3.5 mm, bleeding on probing 
and no calculus 

2 Pocket depth is < 3.5 mm, bleeding on probing 
and calculus present 
Pocket is 3.5 — 5.5 mm in depth 


4 Pocket is > 5.5 mm in depth 


Clinical abnormalities 

Such as furcation involvement, tooth mobil- 
ity, muco-gingival involvement, or 3.5 mm or 
more of recession in that sextant 


Edentulous sextant 
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Advantages 


@ It is a simplified screening method that met legal, 
dental recording requirements. 


@ It helps in early detection of periodontal disease, 
and it serves as an aid in monitoring the periodontal 
Status of patients 


@ It is a fast method to screen patients as only six 
scores are recorded 


@ It’s documented use also assists with the record 
keeping of a patient’s periodontal history. 


@ It can be used with a large population during oral 
health screenings. 


Limitations 


@ It is not intended to replace a full-mouth periodontal 
examination. Those patients who have received 
treatment for periodontal diseasesand/or are 
in a maintenance phase of care should receive 
comprehensive periodontal examinations 


@ It has limited use of the PSR system in children due to 
inability to differentiate pseudo-pockets 


@ It does not measure epithelial attachment, the severity 
of periodontal disease may be underestimated with 
its use. 
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Periodontal Healing Indices 


|. Healing index of Landry, Turnbull and Howley 


Landry, Turnbull and Howley!988 described an index to describe the extent of healing after periodontal surgery. 


2 


Healing Index | 


Very Poor 


Healing Index 2 
Poor 


Healing Index 3 
Good 


Healing Index 4: 


Very Good 


Healing Index 5 


Excellent 


Has 2 or more of the following: 

-Tissue color: >= 50% of gingiva red 

-Response to palpation: bleeding 

-Granulation tissue: present 

eIncision margin: not epithelialized, with loss of epithelium beyond incision margin 
eSuppuration present 


¢Tissue color: >= 50% of gingiva red 

*Response to palpation: bleeding 

¢Granulation tissue: present 

eIncision margin: not epithelialized, with connective tissue exposed 


¢ Tissue color: >= 25% and < 50% of gingiva red 
¢ Response to palpation: no bleeding 

¢ Granulation tissue: none 

¢ Incision margin: no connective tissue exposed 


¢Tissue Color: < 25% of gingiva red 
*Response to palpation: no bleeding 
¢Granulation tissue: none 

eIncision margin: no connective tissue exposed 


¢ Tissue color: all tissues pink 

¢ Response to palpation: no bleeding 

¢ Granulation tissue: none 

¢ Incision margin: no connective tissue exposed 


2. Early Wound Healing Index (EHI)-Winkel et al.: 


This index is used in the assessment of post-surgical clinical soft tissue healing. Scoring Criteria: They include 


the 5 degrees of healing. They are as follows: 


¢ Degree |: Complete flap closure-No fibrin line in the interproximal area. 


¢ Degree 2: Complete flap closure-Fine fibrin line in the interproximal area. 


¢ Degree 3: Complete flap closure-Fibrin clot in the interproximal area. 


¢ Degree 4: Incomplete flap closure-Partial necrosis of interproximal tissue. 


¢ Degree 5: Incomplete flap closure-Complete necrosis of interproximal tissue. 
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Periodontal treatment needs indices. 


|. CPITN (The Community Periodontal Index 
of Treatment Needs) 


When WHO global oral data bank was initiated in 
1969, the Pl, and simplified OHI were the two preferred 
methods for data collection. It became clear that these 
were not satisfactory to estimate the magnitude and 
severity of periodontal condition. Hence, a WHO 
scientific group meeting was convinced in Moscow 
from 23 November to 2 December 1977 to seek of 
considering a more realistic system of periodontal 
disease measurement. 


The Moscow Stomatological Institute was the venue, 
and it produced a prototype index the “TRS 621 
method” and conducted a recommendation to 
consider the above. 


A joint working group (4 members of FDI and 4 
WHO) was established is as recommended in WHO 
tested the CPITN prototype, Series (TRS 621, 1978) 
for the appropriateness and acceptance. After field 
trial, the CPITN was agreed on meeting of joint FDI, 
WHO working group | in Rio De Jenario September 
1981. The participants were Jukka Ainamo, (Finland), 
David Barmes (Switzerland), Geoge Beagrie (Canada), 
Terry Cutress (New Zealand), Jean Martin (France), 
and Jennifer Sardo Infirri (WWHO Geneva) 


This index is primarily designed to assess the 
periodontal treatment needs rather than periodontal 
status. Primarily it is the screening procedure for 
identifying the actual and potential problems posed by 
periodontal disease both in community and by the 
individuals. With this information appropriate oral 
care services can be planned for the populations and 
for the individuals. 


sO 


SCOPE OF CPITN MAJOR ADVANTAGES OF 


eRecommended for periodontal Ot 
epidemiological surveys. Simplicity. 


*Speed. 
e|nternational uniformity. 


NU” 


Fig. 73.3 CPITN-Scope and advantages. 


¢Prrovides planing and monitoring 
of periodontal care programs. 
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Procedure 


The dentition is divided into six sextants defined by tooth 
numbers | 7-14, | 3-23, 24-27, 37-34, 33-13, and 44-47. 


Index Teeth 


In an epidemiological survey for adults, aged 20 years 
or more, only 10 teeth known as index teeth are 
examined. These teeth have been identified as best 
estimators of worst periodontal condition of the mouth. 


17/46 | 26/27 
47/46 3| 36/37 


The molars are examined in pairs, and only one score is 
given i.e. highest is recorded. Thus, only one score for each 
sextant is given. 


For young people, up to I9 years of age only six teeth 16, 
[l, 26, and 36, 31, 46 are examined. Second molars are 
excluded due to high risk of presence of false pockets 

(Non-inflammatory: associated with tooth eruption) 


When examining children less than |5 years pockets are 
not recorded although probing for bleeding and calculus 
are carried out as routine. 


CPITN PROBE 


The recommended probe for use in CPITN was Ist 
established in WHO 621 report (1978) and later reported 
in detail by Emslie (1987). It was designed by Prof. Jukka 
Ainamo. 


The probe has following specifications: 


@ It is a metal with a knurled handle of diameter 3.5 
mm and a maximum weight of 4.5 gms 


@ It should have a working tip of sphere 0.5 mm 
diameter; the probe has a minimum diameter of 0.25 
mm at the neck where sphereis attached. 


@ It should have a black band between 3.5 and 5.5 mm 
from the end of the probe. 


@ This probe is designed for gentle manipulation of 
very sensitive soft tissue around the teeth. The ball 
tip of the probe allows easy detection of subgingival 
calculus. This feature combined with light weight 
facilitates identification of base of pocket correctly 
and decreases tendency of false over measurement. 


Cn) 
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@ The variant of this probe has two additional lines at 
8.5 mm and I|1.5 mm from the working tip. This is 
used when performing detailed assessment and 
recording of deep pockets for the purpose of 
preparing a treatment plan. 


¢ Manufacturers have been advised to identify the 
probes as either CPITN-E epidemiological probe with 
3.5 mm and 5.5 mm markings or CPITN-C, clinical 
probe with additional 8.5 and | 1.5 mm markings 


Probing Procedure 


The tooth is probed to determine the pocket depth and 
to detect subgingival calculus and bleeding response. The 
probing force can be divided into working component — to 
determine pocket depth and sensing component to detect 
subgingival calculus. 


The working force should not exceed 20 gms. A 
practical test for establishing this force is _ gently 
inserted the probe point under the finger nail without 
causing pain or discomfort, as here the sensitivity 
approximates that of the bottom of the periodontal 
pocket. 


The probe is inserted between the tooth and the 
gingiva, and the sulcus depth or pocket depth is noted 
against the color code or measuring lines. 


The ball end of the probe should be kept in contact with the 
root surface. The direction of the probe during 
insertion should, whenever possible be in the same plane 
as the long axis of the tooth. 


@ For ‘sensing’ subgingival calculus, the lightest possible 


force whichallows movement of the probe ball point 
along the tooth surface is used. 


@ Pain to the patient during probing is in most cases 
indicative of the use of a too heavy probing force. 

Recommended sites for probing are 

@ Mesial 

@ Mid-line 

¢ Distal 
The sites mentioned above are probed both on facial 
and lingual/palatal surfaces. The probing may be done 
by withdrawing the probe between each probing or 


alternatively, with the probe tip remaining in the sulcus, the 
probe maybe walked around the tooth. Sites in addition 
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to the recommended ones should be probed if there is 
suspicion that a higher scoring condition is present. The 
aim for probing is to determine the highest score in each 
sextant. 


Table 77.9: The codes are as follows 


Code x When only one or no tooth is present in the 
sextant 

Code 4 Pathological pocket of 6 mm or more i.e. black 
band of CPITN probe is not visible 

Code 3 Pathological pocket of 4-5 mm present i.e. 
gingival margin is on the black band of the 
probe 

Code 2 Calculus or other plaque retentive factors 
such as ill-fitting crowns and poorly adapted 
edges are seen or felt during probing 

Code | Bleeding observed during or after probing 


Table 77.10: Classification of treatment needs 


Treatment needs 


TNO A recording of code 0 or X for all sextants- 
indicates that there is no need for treatment 

TNI = Acode | or higher indicates a need for 

improving personal oral hygiene for the 

individual 

TN2 = (a) A code of 2 or higher indicates need for 

professional cleaning of the teeth and removal 

of plaque retentive factors. In additional, 

the patient obviously requires oral hygiene 


instruction. 


(b) Shallow to moderate pocketing (4 or 5mm, 
Code 3). Oral hygiene and scaling will usually 
reduce inflammation and bring 4 or 5mm 
pockets to values of or below 3mm. Thus, 
sextants with these pockets are placed in the 
same treatment category as scaling and root 
planning, i.e. Treatment Need 2 (TN 2). 

Code 4 - Complex treatment which involves 
deep scaling, root planing, and more complex 
surgical procedures. 


TN 3 
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Advantages 

@ Records common treatable conditions 
Periodontal pockets. 
Gingival inflammation-Bleeding on probing. 
Dental calculus. 


Other plaque retentive factors. 
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When compared to other epidemiological indices 
for periodontal health, the CPITN is simple and 
more objective in its choice of clinical criteria and 
methodology. 


@ The data offers rapid appreciation of periodontal 
condition of a population and their treatment needs 
and personnel required. 


@ International uniformity. 


¢ Treatment needs provide an indication of the level 
of complexity of care needed if the periodontal 
conditions are to improve. 


Limitations 


@ Does not provide assessment of past periodontal 
disease experience 


@ Does not record the position of gingival margin, that 
is the degree of recession and level of alveolar bone. 


@ Exclusion of important signs of past periodontal 
breakdown, notably attachment loss, tooth mobility. 


@ Absence of any marker of disease activity or 
susceptibility. 


@ No. difference between 
calculus. 


Supra and subgingival 


@ No distinction is made between the presence of 
calculus with or without bleeding. 


@ Validity of CPITN index as a measure of the amount of 


periodontal care needed has not been demonstrated. 


Rules for substitution of excluded or missing teeth 


@ Remember that two or more functioning teeth must 
be present in a sextant or it to quality for scoring. 


If, in a posterior sextant, one of the two index 
teeth is not present or has to be excluded, then the 
recording is based on examination of the remaining 
index tooth. 
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@ If both index teeth in a posterior sextant are absent 
or excluded from examination, all the remaining 
teeth. 


@ If tooth II is excluded, substitute with 21, if 21 is 
also excluded then identify the worst score for the 
remaining. 


@ In subjects under 20 years of age, if the first molar 
is not present or has to be excluded, the nearest 
adjacent premolar is examined. 


If all teeth in a sextant are missing or only one 
functional tooth remains the sextant is coded as 
missing. 


@ If the single tooth is an index tooth, then the worst 
index tooth score is recorded. 


Community Periodontal Index (CPI) 


This index is based on a modification of the earlier 
used Community Periodontal Index of Treatment Needs 
(CPITN). The modification is done by the inclusion of 
measurement of “Loss of Attachment” and elimination of 
the “Treatment Needs.’ 


Loss of Attachment is used in conjunction with CPI to 
determine the loss of clinical attachment. 


@ Utilizes WHO probe. 
@ Not recorded for children under | 5. 


@ Highest numbers are not always associated with the 
same teeth 


In Children and Adolescents who are within the age 
group of 7 - |9 years old only six teeth are examined: 


@ First molars 
@ Maxillary right central incisor 
@ Mandibular left central incisor 


@ Pocket depth is not recorded for children under 15, 
only calculus and bleeding are recorded. 


Procedure 


@ The mouth is divided into sextants. The VWHO probe is 
used to examine the teeth. Ten teeth are examined: 


@ First molars 
@ Second molars 


@ Maxillary right central incisor 
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@ Mandibular left central incisor 
@ The highest readings for each tooth is recorded 


The codes for scoring bleeding and pocketing are given 
below. 


ars Gingival bleeding scores 


0 Absence of condition 
| Presence of condition 
9 Tooth excluded 


X Tooth not present 


omni] Gingival bleeding scores 


0 Absence of condition 
| Pocket 4—5 mm 

2 Pocket 6 mm or more 
9 Tooth excluded 

X Tooth not present 


Loss of Attachment 


Information on loss of attachment may be collected from the 
index teeth. The CPI system is designed to obtain an estimate 
of the lifetime accumulated destruction of the periodontal 
attachment and thereby permits comparisons 
between population groups. It is not designed to 
describe the full extent of loss of attachment in an 
individual. 


Loss of attachment is recorded by dividing the mouth 
in sextants, defined by tooth numbers: 18-14, |3—23, 
24-28, 38-34, 33-43, and 44-48. The most reliable 
method of examination for loss of attachment in each 
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of attachment should not be recorded for individuals 
under the age of [5. 


Index Teeth 


The index teeth, which are the teeth to be examined, 
the two molars in each posterior sextant, are paired for 
recording and, if one is missing, there is no replacement. 
If no index tooth is present in a sextant qualifying for 
examination, all the teeth that are present in that sextant 
are examined, and the highest score is recorded as the 
score for the sextant. 


17/16 | 26/27 


47146 3 | 36/37 


The index teeth for recording loss of attachment 
in subjects aged I5 and over. The extent of loss of 
attachment is recorded using the CPI probe and applying 
the following codes: 


ae Loss of Attachment 


0 0-3 mm 
| 4-5 mm (CEJ within black band) 


2 6-8 mm (CE] between upper limit of black 
band and 8.5 mm ring) 

3 9-| | mm (CEJ between 8.5 mm and I 1.5 mm 
ring) 

4 4 -|2 mm or more (CEJ beyond | 1.5 mm ring) 

X Excluded sextant 


9 Not recorded 


CPI Modified (WHO Oral Health Survey Basic Methods 


sextant is to record this immediately after recording -5th Edition 201 3) 


the gingival status and pocket scores. As mentioned 
above, loss 
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Periodontal status (CPI Modified) 
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Gingival bleeding 


Score 
0 # Absence of condition 
1 = Presence of condition 
9 = Tooth excluded 
X = Tooth not present 


Pocket 


Score 
Absence of condition 
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Basic Periodontal Examination (BPE) Index 


@ Developed by British Society of Periodontology in 
1986 


@ Derived from the Community Periodontal Index of 
Treatment Needs (CPITN) 


@ Simple and rapid screening tool that is used to indicate 
the level of examination needed and to provide basic 
guidance on treatment need 


@ Nota diagnostic tool 


a | Scoring criteria 


0 No pockets >3-5 mm, no calculus overhangs, no 
bleeding after probing (black band completely 
visible) 

| No pockets >3-5 mm,no calculus overhangs, but 
bleeding after probing (black band completely 


visible) 

2 No pockets >3-5 mm, but supra- or subgingival 
calculus overhang (black band completely 
visible) 


3 Probing depth 3.5 -5.5 mm (black band partially 
visible, indicating pocket of 4-5 mm) 

4 Probing depth > 5.5 mm (black band entirely 
within the pocket, indicating pocket of 6 mm 
or more) 

2 Furcation involvement 
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2 = Pocket 6 mm or more 
9 = Tooth excluded 
X = Tooth not present 


Table 77.15 : Guidance on interpretation of BPE scores 


= Scoring criteria 


No need for periodontal treatment 
| Oral hygiene instructions (OHI) 


2 OHI,removal of plaque retentive factors, including 
all supra and subgingival calculus 


OHI, root surface debridement (RSD) 


4 OHI, RSD, assess the need for more complex 
treatment; referral to specialist may be indicated. 

* OHI, RSD, assess the need for more complex 
treatment; referral to specialist may be indicated. 


As a general rule, radiographs to assess alveolar bone levels 
should be obtained for teeth or sextants where BPE codes 
3 or 4 are found. 


Periodontal Treatment Need System (PTNS) 


The Periodontal Treatment Need System (PTNS) can be 
used to determine the periodontal therapeutic needs in 
a population. It can be used to estimate the manpower 
and costs needed to address the problems found on 
examination. 
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Table 77.16: Classification Criteria @ A pocket deeper than 5 mm mesially to the central 
ane incisors is not scored as c if it is the only 

PTY PY: Inflam- Pocket | Grice ¢ C pocket in that quadrant, and if the other quadrant 
Aral marcel a on the same jaw has been scored as C. 
Not Table 77.17: Treatment Plan 
applicable . 
od Cet are) 
Yes Yes Yes <= 3mm B 0  Notreatment needed 0 
Yes Yes Yes > 3mm C A Oral hygiene 60 minutes 
Patient Assessment INSERUSHONS 


B= Scaling and removal of = 30 minutes per 


| ndA 
¢ Classes 0a are assigned based on an assessment calculus and overhangs quadrant for scaling 


of the entire mouth. 
C Surgery 60 minutes per 
@ Classes B and C are assigned based on oral quadrant for surgery 
drants. 
an ¢ A patient with Class B disease also requires Class A 
¢ Normally the mouth is divided into 4 quadrants management. 
(left maxillary, right maxillary, left mandibular, right 


¢ A patient with Class C disease also requires Class A 


dibular). 
mandibular) and Class B management. 


@ If less than 8 teeth are present on the maxilla or 


. . . Th . ° . 7 
mandible, then this is taken as one quadrant. @ The maximum time estimates for a person with all 


teeth present and severe periodontal disease involving 


@ If 4 teeth or less are in the mouth as a whole, then all quadrants would be 7 hours (I hour for each 
the mouth is considered to have one quadrant. quadrant for surgery, 30 minutes for each quadrant 
Probing: for cleaning, and | hour for training, or 4 + 2 + 1). 
¢ Each tooth is probed on all surfaces Limitations 


¢ Ifa pocket deeper than 5 mm is found, then the whole The time estimates seem overly generous except for the 
quadrant is scored as c surgery on severely affected areas. 


Tooth Mobility Indices 


Certain indices have been developed to evaluate tooth Table 77.18: 


mobility. However, a degree of subjectivity can be observed 


when evaluating tooth mobility. 


0 No detectable movement when force is 
Tooth Mobility Index applied 
It was described by Millers SC in 1950. | Barely distinguished tooth movement 
Method: The tooth is firmly held between two instruments 2 The crown of the tooth moves up to | mm in 
and moved back and forth, and mobility is scored from 0 any direction 
to 3. 3 Movement more than | mm in any direction of 


the or the teeth can be depressed or rotated 
in the socket 
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Mobility Index 


It was described by Laster et al (1975). This index was 
developed as a modification of Miller's index for 
assessment of mobility in lateral direction. 


Table 77.19: 


0 Normal 
| Movement greater than normal 
2 Mobility of | mm in lateral direction 


3 Mobility greater than | mm laterally plus rota- 
tion and/or axial depression 


Table 77.20: Mobility Index (Ramfjord -1959) 


0 Physiologic mobility, firm tooth 


| Slight increase mobility “slightly more than 
physiologic” (Grade I) 

2 Definite to considerable increase in mobility 
but with no impairment of function (Grade Il) 

3 Extreme mobility: severe horizontal mobility 
combined with vertical displacement. A loose 
tooth that cannot be used for normal function 
(Grade III) 


8 Missing 
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Mobility Index By Grace and Smales 


The following mobility index, developed by Grace and 
Smales (1983), was used to track the amount of mobility in 
teeth over a period of time. On examination, each tooth is 
assigned a score using the following criteria: 


Table 77.21: 


0 No apparent mobility 


| Tooth mobility is perceptible but less than | mm 
buccolingually. 


2 Mobility is in between | and 2 mm 


3 Mobility exceeds 2 mm _ buccolingually or 
vertically 


Tooth Wear Indices 


Eccles index for dental erosion of non-industrial origin 
(1979): 


It was presented as a comprehensive qualitative index, 
grading both severity and site of erosion due to non- 
industrial causes, and is considered as one of the cardinal 
indices from which others have evolved. In essence, it 
breaks down into three classes of erosion, denoting the 
type of lesion, assigned to four surfaces, representing the 
surface where erosion was detected. 
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Table 77.22: 


Class Surface Criteria 


Class | Early stages of erosion, absence of developmental ridges, smooth, glazed 
surface occurring mainly on labial surfaces of maxillary incisors and canines 


Class II Facial Dentine involved for less than one-third surface; two types 
¢ Type | (commonest): ovoid—crescentic in outline, concave in cross section at 


cervical region of surface. Must differentiate from wedge-shaped abrasion lesion 
entirely within crown. ¢ 
¢ Type 2: irregular lesion entirely within crown. Punched out appearance, where 
enamel is absent from floor 
Class Ill II[A = Facial More extensive destruction of dentine, affecting anterior teeth particularly. 
Majority of lesions affect a large part of the surface, but some are localized and 
hollowed out 
Class Ill IllB = Lingual or Palatal Dentine eroded for more than one-third of the surface area. Gingival and proximal 
enamel margins have white, etched appearance. Incisal edges translucent due to 
loss of dentine. Dentine is smooth and anteriorly is flat or hollowed out, often 
extending into secondary dentine 
Il C  Incisal or Occlusal Surfaces involved into dentine, appearing flattened or with cupping. Incisal edges 
appear translucent due to undermined enamel; restorations are raised above 
surrounding tooth surface 


IID All Severely affected teeth, where both labial and lingual surfacesare extensively 
involved. Proximal surfaces may be affected; teeth are shortened 


Smith and knight tooth wear index: 


Smith and Knight took Eccles’ideas a stage further, producing the tooth wear index (TWIH), a comprehensive 
system whereby all four visible surfaces (buccal, cervical lingual and occlusal—incisal) of all teeth present are scored 
for wear, irrespective of how it occurred. This avoids the confusion associated with terminology and translation 
or differences in opinion for diagnosis of etiology based on clinical findings. 


@ This index was the first one designed to measure and monitor multifactorial tooth wear. 


@ It’s pioneering feature was the ability to distinguish acceptable and pathological levels of wear, by comparison 
with threshold normal values for the age groups studied. 
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Table 77.23: 


Score Surface Criteria 

0 B/L/O/| No loss of enamel surface characteristics 
C No loss of contour 

| B/L/O/| Loss of enamel surface characteristics 
C Minimal loss of contour 

2 B/L/O Loss of enamel exposing dentine for less than one-third of surface 
Loss of enamel just exposing dentine 
C Defect less than | mm deep 

3 B/L/O Loss of enamel exposing dentine for more than one-third of surface 
Loss of enamel and substantial loss of dentine 
. Defect less than |—2 mm deep 

4 B/L/O Complete enamel loss—pulp exposure — secondary dentine exposure 
Pulp exposure or exposure of secondary dentine 
Se 


Defect more than 2 mm deep—pulp exposure — secondary dentine exposure 
Simplified Scoring Criteria For Tooth Wear Index 


Bardsley et al. 2004 pioneered a new, simplified version of TWI for epidemiological studies. 
Table 77.24: Erosion Index 


2 
0 No wear into dentine 
| Dentine just visible (including cupping) or dentine exposed for less than |/3 of surface 
2 Dentine exposure greater than |/3 of surface 


3 Exposure of pulp or secondary dentine 


Table 77.25: Erosion Index 


It was proposed by Lussi et al in 1991. 


ES 


Facial 0 No erosion. Surface with a smooth, silky glazed appearance, possible absence of 
developmental ridges. 


| Loss of surface enamel. Intact enamel cervical to the erosive lesion; concavity on enamel 
where breadth clearly exceeds depth, thus distinguishing it from toothbrush abrasion. 
Undulating borders of the lesion are possible, and dentine is not involved. 


2 Involvement of dentine for less than half of tooth surface. 


3 Involvement of dentine for more than half of tooth surface. 
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ES 


Occlusal/ 0 No erosion. Surface with a smooth, silky glazed appearance, possible absence of developmental 


Lingual ridges. 


Section - IX 


| Slight erosion, rounded cusps, edges of restorations rising above the level of adjacent tooth 


surface, grooves on occlusal aspects. Loss of surface enamel. Dentine is not involved 


2 Severe erosions, more pronounced signs than in grade |. Dentine is involved 


Gingival Papilla Index 


Gingival Papilla Index (Jemt’s papilla Index; Jemt, 1997): 
It is an index to assess the size-recession and/or regeneration of the interproximal gingival papillae adjacent to 


single implant restorations 
Table 77.26: 


score ce 


0 No papilla is present, and there is no indication of a curvature of the soft tissue contour adjacent to the 
single-implant restoration 


| Less than half of the papilla height is present.A convex curvature of the soft tissue contour adjacent to the 
single-implant crown and the adjacent tooth is observed. 


2 Half or more of the papilla height is present, but not all the way up to the contact point between the teeth. 
Papillais not completely in harmony with the adjacent papilla between the permanent teeth. Acceptable soft 
tissue contour is in harmony with adjacent teeth 


3 Optional soft tissue contour with papilla filling up the entire proximal space and it is in good harmony with 
the adjacent papilla. There is optimal soft tissue contour 


4 Hyperplastic papilla covering too much of the single-implant restoration and/or adjacent tooth. The soft 
tissue contour is more or less irregular 


Health Scale For Dental Implants 


Table 77.27: Formulated at International Congress of Oral Implantologists, Pisa, Italy, Consensus Conference, 2007. 


Implant quality scale group Clinical condition 


I. Success (optimum health 


Il. Satisfactory survival 


II. Compromised survival 
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a) No pain or tenderness upon function 

b) Zero mobility 

c) < 2 mm radiographic bone loss from initial surgery 
d) No exudates history 

a) No pain on function b) Zero mobility 
c) 2-4 mm radiographic bone loss 

d) No exudates history 

a) May have sensitivity on function 

b) No mobility 

c) Radiographic bone loss > 4 mm (less than |/2 of implant body) 
d) Probing depth >7 mm 

e) May have exudates history 
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IV. Failure 
(clinical or absolute failure) 


Any of following: 

a) Pain on function 

b) Mobility 

c) Radiographic bone loss -1/2 length of implant 
d) Uncontrolled exudate 

e) No longer in mouth 


@ 5: Severe malodor — Overwhelming malodor is 
detected and cannot be tolerated by the examiner 
(Examiner instinctively averts the nose) 


INDICES FOR TONGUE COATING: 


MIYAZAKI TONGUE COATING INDEX: It was 
used to assess the efficacy of various treatment 
procedures in reducing oral malodor by reducing the 
coating on the tongue. A single score for the entire 
tongue, as well as score per area (anterior and posterior 
to the sulcus terminalis, each region further divided into 
left and right sides), is given. 
The scoring is as follows; 

= 0 =no tongue coating 

# | = thin coating over I/3rd of the tongue dorsum 

» 2 = thin coating over 2/3rd or thick over I/3rd 

» 3 = thick coating over 2/3rd 


Indices For Halitosis 


Fixed Distance Odour Intensity Scale: 
The degree of odourwas scored |- 5 where 
@ 0 = no odour 


¢ | = barely noticeable odour (Detection threshold of 
odor) 


@ 2 = slight, but clearly noticeable odour (Recognition 
threshold of malodor) 


@ 3= moderate odour 
@ 4 = Strong odour 
@ 5 = extremely strong/foul odour. 


Distance Malodor Scale: 

WINKEL TONGUE COATING INDEX: (WTC, 
Winkel, et al., 2003) covers the tongue in 6 parts (3 
posterior, 3 anterior) — A, B, C, D, E and F. The scoring 


¢ Grade 0 — No malodor detected 


@ Grade | — Malodor is clearly detected if the observer 


approached a distance of about 10cm to the mouth _ is as follows, 
of the patient. = 0=no coating 
» | = light coating 
@ Grade 2 - Malodor is clearly detected if the observer = 2=severe coating 
approached a distance of about 30cm to the mouth Stain Index 


of the patient. Lobene Stain Index: (Lobene RR, 1968) 


@ Grade 3 - Malodor is clearly detected if the observer 
approached a distance of about |00 cm to the mouth 
of the patient. 


This index measures the intensity and extent of extrinsic 
dental stain on the gingival region and body regions of the 


labial surface of 12 anterior teeth. 


Fixed Distance Odor Intensity Scale: Surfaces of each anterior tooth are divided into two 


¢ 0:Absence of odor — Odor cannot be detected 


@ |: Questionable odor — Odor is detectable, although 
the examiner could not recognize it as malodor 


@ 2: Slight malodor — Odor is deemed to exceed the 
threshold of malodor recognition 


@ 3: Moderate malodor — Malodor is definitely 
detected 


@ 4: Strong malodor — Strong malodor is detected, but 
can be tolerated by examiner 
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regions: the gingival and the body region. 


@ Gingival region: It is crescent-shaped band of the labial 
surface. This region is about 2 mm wide, adjacent 
to the free margin of the gingiva and extending to 
the crest of the interdental papillae of the adjacent 
teeth. 


@ Body region: The remainder of the labial surface is 
designated as the body region. 


@ Both these regions are scored separately for both 
intensity and the extent of the staining. 


CH) 
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Table 77.27: The following are the criteria used for 
scoring: 

Lobene Stain Index 

Intensity Scale 


Grade Features 


0 No stain 

| Light stain- Yellow to light brown or gray. 

2 Moderate stain-Medium brown. 

3 Heavy stain, dark brown or black stain. 

Extension Scale/Area 

0 No stain detected. 

| Stain covering up to |/3 of the region. 

2 Stain covering > |/3 to 2/3 of the region. 

3 Stain covering >2/3 of the area/region. 
The Non-gradable and missing sites are not included 
in the statistical analyses. 


@ The Lobene index has two summary variables,i.e., the 
intensity score and the extent score. 


@ The Lobene index-intensity score: Sum of all intensity 
scores divided/all sites graded. 


@ The Lobene index-extent score: Sum of all extent 
scores divided/ all sites graded. 


¢ A composite score is calculated for each subject by 
averaging the product of the intensity and extent 
scores. 


Indices For Tooth Function — Davies 1956 


It is derived by analyzing the degree of attrition on each 
individual tooth. Numerically it is measured as, 


¢ 0 = normal contour, no facets 
@ | = definite enamel facets 
@ 2 = definite enamel facets with dentin exposed 


@ 3 = more advanced exposure of the dentin with 
exposure of the recessional lines of the pulp 


@ 4 = actual pulp exposure. 


This index equals the sum of the attrition indices for each 
tooth divided by the number of teeth present. 


(38) 
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Review Questions: 


Essay Questions: 


|. What is an index? Discuss in detail the community 
periodontal index for the treatment needs (CPITN). 


2. What is a periodontal index? What are the differences 
between the community periodontal index for 
treatment needs and community periodontal index? 


3. Name some indices periodontal indices and explain in 
detail one of them. 


Short notes: 
|. What are the Ideal Requisites of an Index? 


2. Write a short note on Gingival 
Provocation. 


Bleeding on 


3. Write a short note on OHI-S index. 
4. Write a brief note on Russel’s index. 


5. Write a brief note on Gingival index (Loe and 
Silness) 


6. Name some indices used to measure gingival bleeding. 
Write a brief note on one of them. 
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Chapter Outline: 


Introduction: INTRINSIC TOOTH DISCOLORATION: EXTRINSIC TOOTH DISCOLORATION: 

Classification of tooth discoloration: ¢ — Alkaptonuria: ¢ Mouth Rinses: 

INTRINSIC TOOTH DISCOLORATION: ¢ Congenital erythropoietic porphyria: ¢ — Antimicrobials: 

¢ — Alkaptonuria: ¢ Congenital hyperbilirubinaemia: ¢ BLACK TOOTH STAINING: 

¢ Congenital erythropoietic porphyria: ¢ Amelogenesis imperfect (Al): INTERNALIZED DISCOLORATION: 

¢ Congenital hyperbilirubinaemia: ¢ Dentinogenesis imperfecta: PREVENTION AND TREATMENT OPTIONS: 

¢ Amelogenesis imperfect (Al): e Tetracycline: Review Questions: 

Introduction: — Classification of tetracycline teeth discoloration: PRINCIPAL REFERENCES AND SUGGESTED 

Classification of tooth discoloration: ¢  Fluorosis: FURTHER READING: 
Introduction: 


The appearance of the teeth is an essential part in cosmetics to a large number of people in our modern societies. Many 
people visit dentists for treatment of tooth staining and discoloration. 

Hue, value, and chroma are terms that can be used to describe colors. Hue distinguishes between different colors.Value 
is the lightness and darkness of a color. Chroma is the degree of color saturation. 

Tooth discoloration: Any change in the hue, color, or translucency of a tooth due to any cause. Restorative filling 
materials, drugs (both topical and systemic), pulpal necrosis, or hemorrhage may be responsible. (Jablonski, Dictionary 
of Dentistry, 1992, p253) 

This chapter contains a brief discussion of the normal color of the teeth, color perception, causes and treatment of 
teeth discoloration. 

Table 74.1: Normal variations in colour of teeth. 


Primary teeth Bluish white e Enamel:Thinner and opaque as it is less mineralized. 
e Dentine: Thinner. 
e Pulp: Relatively larger pulp. 
Permanent teeth Grayish white/yellowish |= ¢ Normal enamel is colourless and translucent. 
white e Hence, the colour of dentine is primarily responsible for the 
colour of the teeth. 


More Yellowish or gray- e Enamel: lt becomes thinner due to erosion. 


ish yellow than those of | e Deentine: increases in thickness because of secondary deposition. 
young persons. 


Teeth with 
increasing age 
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Normally a variety of colors can typically be seen in a tooth from the gingival margin to the incisal edge of each single 
tooth. 


As we know from dental embryology, permanent teeth development, and mineralization start in utero and finish at 
four to five years after birth. Teeth are susceptible to discoloration usually at the calcification stage especially by some 
medications, environmental or genetic conditions. (Crawford, Aldred, et al. 2007). 


Based on the cause, tooth discoloration can be classified as intrinsic, extrinsic or internalized discoloration. (Suleiman 
2005). 


Table 74.2: Types of tooth discoloration: 


Intrinsic Discoloration. Internalized discoloration. Extrinsic Discoloration 





a) Systemic causes: |. Developmental defects. It is present on the outer surface of 
b) Genetic defects. a) Enamel hypoplasia. 88H 
c) Alkaptonuria. 2. Acquired defects. |. Poor oral hygiene. 
rae a) Tooth wear and gingival 2. Excessive use of tea, coffee 
d) Congenital erythropoietic porphyria. ae 
PO tobacco smoking and chewing. 
e) Congenital hyperbilirubinemia. b) Dental caries 


f) Amelogenesis imperfecta c) Restorative materials 3. Environmental chemicals 


4. Dental materials (e.g. amalgam) 
g) Dentinogenesis imperfecta 


h) Drug induced. 


5. Medications like 


mouth rinses, 


i) Tetracycline staining. | 
iron salts, 


j) Ciprofloxacin. 


k) Glibenclamide 


heavy metals, 


essential oils, 


|) Fluorosis. 

Oral formulations of some drugs like 
Local causes: ciprofloxacin, amoxéicillin-clavulanic 
a) Pulpal hemorrhagic products. acid, linezolideetc. 


b) Root resorption. 


c) Ageing. 


INTRINSIC TOOTH DISCOLORATION: 


lt can be defined as discoloration that is incorporated into 
the structure of the teeth (enamel or dentine) and cannot 
be removed by prophylaxis with toothpaste or pumice. 





Fig. 74.1 Pulpal hemorrhagic products 
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Alkaptonuria: 


It is an autosomal recessive condition that results in 
incomplete metabolism of tyrosine and phenylalanine, 
which results in the buildup of homogentisic acid. 
This affects the permanent dentition by causing a brown 
discoloration. (Suwannarat, Phornphutkul et al. 2004). 


Congenital erythropoietic porphyria: 


Porphyria is a rare condition resulting from defect 
in enzymes involved in heme metabolism which leads to 
the accumulation of porphyrins in dentin. This results in 
yellow-green discoloration. (Kooijman and Brand 2005). 


Congenital hyperbilirubinaemia: 


It is a condition of elevated serum level of bilirubin which 
may deposit in hard tissue during teeth development. 
It leads to green discoloration. (Amaral, GuerraCde et al. 
2008). 


Amelogenesis imperfect (Al): 


It is a hereditary condition in which enamel formation is 
disturbed and is classified accordingly. There are 
different subtypes (Crawford, Aldred et al. 2007): 


@ Type |: Hypoplastic Al.: rough, pitted, grooved, locally 
hypoplastic crown. The color varies from normal to 
light yellow-brown. 


@ Type Il: Hypomaturation Al.: the poorly mineralized 
enamel which becomes mottled, rough and detachable 
from the dentine. The discoloration varies from white 
opacities to yellow-brown. 


@ Type Ill: Hypocalcified Al: The enamel thickness of 
this type is normal. Due to the defective 
mineralization of the enamel. The color is ranged 
from yellow to yellow-brown. 


@ Type IV: Hypomaturation-hypoplastic Al with 
taurodontism: The enamel thickness is reduced with 
pitting. The teeth appear white or yellow-brown and 
mottled. 


Dentinogenesis imperfecta: 


It is a genetic disturbance with a variety of colorranges 
from yellow to blue-gray which is opalescent under certain 
lights. It affects both deciduous and permanent teeth. It 
characterized by pulp and canals obliteration and severe 
attrition. The enamel tends to chip away from dentin. 
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Osteogenesis imperfecta is characterized by fracture of 
bones, blue sclera, otosclerosis may have dentinogenesis 
imperfecta as one of its manifestation. 


Tetracycline: 


Clinical evidence has shown that tetracycline taken during 
pregnancy or in early child age (time of teeth calcification) 
can result in permanent intrinsic teeth 
discoloration. (Olson and Riley 1966, Sanchez, Rogers et 
al. 2004).The color of the affected teeth ranges from 
bright yellowish and gray. 


Jordan and Boskman classification of tetracycline 
teeth discoloration: 


|. First degree: light yellow-gray or brown without 
banding, 


2. Second degree: darker and more extensive yellow or 
gray staining without banding 


3. Third degree (severe staining)—dark gray or blue 
discoloration with horizontal banding. 


The differences in the degree of discoloration may vary 
depending on the type of tetracycline, doses, duration of 
intake and the patient's age at the time of administration. 


Tetracycline and oxytetracycline produce a_ yellow 
discoloration whereas chlortetracycline causes a gray- 
browndiscoloration. 


Among all tetracycline’s, oxytetracycline causes the least 
tooth staining. Tetracycline (e.g.,Ledermix, triamcinolone 
acetonide and desmethyl chlortetracycline). Hence, 
tetracycline should be avoided for pregnant women during 
the second and third trimester of pregnancy and for 
children up to the age of eight. 


Mechanism: Unknown exactly, but may be tetracycline 
became chelated with the hydroxyapatite of the teeth. 


Fluorosis: 


Fluoride results in teeth discoloration or what is known as 
fluorosis. Fluorosis may occur when daily from sources like 
drinking water, teeth dentifrice, mouthwash or 
varnishes is high during enamel formation and 
maturation (Den Besten 1999). 


Dental fluorosis is a dose-dependent; the higher the level 
of exposure during tooth development, the more severe 
the fluorosis. 
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Mild fluorosis found primarily on cusp tips and on facial 
surfaces and moderate-severe fluorosis that is characterized 
by extensive brown staining and pitting on tooth surfaces. 


EXTRINSIC TOOTH DISCOLORATION: 


Extrinsic discoloration is deposited on the tooth surface or 
in the acquired pellicle. The compounds that are 
incorporated into the pellicle produce a stain due to 
either their basic color or chemical interaction at the 
tooth surface. 


They are seen in areas of the dentition which are less 
accessible to tooth brushing and the abrasive action of a 
toothpaste. (Joiner et al. 2008) 


Habitual smoking or = drinking of dark-colored 
beverages, such as tea, coffee, red wine, some 
mouthwashes and chemicals, result in the food colors 
being adsorbed onto the tooth surfaces. (Plotino, Buono 
et al. 2008). 


The extrinsic discoloration is on the tooth surface or on 
the acquired pellicle. It can be easily removed by polishing 
procedures. 


Mouth Rinses: 


One well-known side effect of chlorhexidine mouthwash 
is staining of the teeth. A phenolic/essential oil 
product also produced some staining, but zinc, triclosan, 
and other essential oil rinses did not stain. 


Mechanism: Chlorhexidine or — cetylpyridinium 
chloride precipitates or bind to surface food dyes 
and dietary chromogens_ in_ vitro. Non-enzymatic 
browning (Maillard reactions) and formation of 
pigmented metalsulphides are considered the possible 
mechanisms of tooth discolorations due to CHX 
application. (ZANAT TA et al. 2010) 


Antimicrobials: 


Evidence has shown that the use of liquid form of some 
antimicrobials like amoxicillin, metronidazole or 
doxycycline can result in yellowish to brown teeth 
discoloration. Some infants treated with ciprofloxacin 
developed greenish discoloration of teeth (Meyboom, 
Verduijn, et al. 1996). 


Glibenclamide is an anti-diabetic drug in a class of 
medications known as sulfonylureas. | Tooth 
discoloration is a side effect of sulfonylurea therapy in 
patients with neonatal diabetes. 
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BLACK TOOTH STAINING: 


It is extrinsic staining and is seen in both primary and 
permanent dentition. It is seen as dark pigmented lines 
extending to the gingival margin or an incomplete 
coalescence of dark dots that rarely extend beyond the 
cervical third of the crown. An association between black 
tooth staining and Actinomyces bacterial strains has been 
reported. In addition, Black-pigmented bacteria (Prevotella 
intermedia and Prevotella nigrescens) associated with such 
Staining are known to be harbored in the oral cavity. Such 
staining has been speculated to be a form of dental plaque 
different from other types based on contents that include 
insoluble iron salt and high levels of calcium and phosphate. 
The black material is a ferric compound, most likely ferric 
sulfide,that arises from the interaction of hydrogen sulfide 
with iron in saliva or gingival fluid. (Takashima et al 
2014) 
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Fig. 74.2 A commercially available toothpaste system for 
tooth whitening 


internalized Discoloration: 


During tooth development, extrinsic stain gets incorporated 
within the tooth substance. 
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Prevention And Treatment Options: 


*Mechanical treatment: 
¢ Scaling and polishing. 
Chemical treatment: 


°Prophyjet: air sprayed with a 
mixture of baking soda 
rete\ ie (=m 

ePrevention: 

° Change of dietary habit and 
cessation of tobacco use. 

°The regular use of an effective 
toothpaste. 


EXTRINSICSTAINS 





Stains In Teeth )) 


¢Chemical treatment: 
e Whitening agents: Hydrogen 
peroxide or carbamide 
el=ge) 410-9 
¢Non-vital endodontically 
treated tooth: 
¢Non vital bleaching. 
ePorcelain veneers and crowns: 
eThey may be necessary at 
noe 
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Fig. 74.3 Tooth staining-Prevention and Treatment options 
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Fig. 60.4 A product marketed for tooth whitening 


Mechanism of action of Whitening agents: 
Carbamide peroxide or hydrogen peroxide degrade into 
free radicals. These free radicals break double bonds in the 
stain and thus lighten and remove the color from the 
stained material. It should be noted that whitening 
agents remove the stain, however; they cannot repair 
surface defects that alter the dispersion of light and, 
therefore, the appearance of the tooth. 


Amorphous Calcium Phosphate that is found in some 
toothpastes can precipitate in scratches and pits and 
converts to mineral hydroxyapatite. These defects should 
be filled to reduce chance of restaining of the teeth. 
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Porcelain veneer and crowns is another option to treat 
more resistant teeth discoloration. 


Review Questions: 


Essay Questions: 


|. What are the different types of stains that you can 
see in teeth? Write in detail about extrinsic dental 
stains. 


Short notes: 


2. Write briefly about normal variations in colour of 
the teeth. 


3. Write a short note on black teeth staining. 


PRINCIPAL REFERENCES AND SUGGESTED 
FURTHER READING: 


@ Addy,M.andW.R. Roberts (1981).““Comparison of the 


bisbiguanide antiseptics alexidine and chlorhexidine. 
Il. Clinical and in vitro staining properties.” | Clin 
Periodontol 8(3): 220-230. 


@ Amaral, T. H., S. Guerra Cde, K. F Bombonato-Prado, 
E.S. FW. Garcia de Paula andA. M. deQueiroz (2008). 
“Tooth pigmentation caused by bilirubin:a case report 
and histological evaluation.’ Spec Care Dentist 28(6): 
254-257. 


Cy 


(Associated Topics in Periodontology 


4 


4 


4 


Crawford, P. J..M.Aldred and A. Bloch-Zupan (2007). 
‘““Amelogenesis imperfecta.’ Orphanet J] Rare Dis 2: 
|7. 


Den Besten, P. K. (1999). “Mechanism and timing of 
fluoride effects on developing enamel.’ | Public Health 
Dent 59(4): 247-251. 


Joiner, Andrew, lan Hopkinson, Yan Deng, and Stephen 
Westland (2008). “A Review of Tooth Colour and 
Whiteness.” Journal of Dentistry 36s: 2-7. 


Kooijman, M.M.and H.S. Brand (2005).“Oral aspects 
of porphyria.” Int Dent J 55(2): 61-66. 


Lotte Jenssen and Huy Quoc Tran, Master thesis: 
Classification of severe tooth discolorations and 
treatment options. http://munin.uit.no/bitstream/ 
handle/ 1003 7/4210/thesis.pdf?sequence=| (accessed 
November 3, 2014). 


Meyboom, R. H., M. M.Verduijn, M. G. Steenvoorden, 
J.A. Dekens-Konter and E. P. van Puijenbroek (1996). 
[Reversible tooth discoloration during oral use of 
antibiotics]. Ned TijdschrGeneeskd |40(4): 207-209. 


Olson, C.A. and H. D. Riley, Jr. (1966).““Complications 
of tetracycline therapy.’ | Pediatr 68(5): 783-791. 


Plotino, G., L. Buono, N.M. Grande, C.H. Pameijer and 
F. Somma (2008). “Nonvital tooth bleaching: a review 
of the literature and clinical procedures.” J Endod 
34(4): 394-407. 


4 


Section - XIl 


Sanchez, A. R., R. S. Rogers, 3rd and P. J. Sheridan 
(2004).“Tetracycline and other tetracycline-derivative 
staining of the teeth and oral cavity.’ Int | Dermatol 
43(10): 709-715. 


Sulieman, M. (2005). “An overview of tooth 
discoloration: extrinsic, intrinsic and internalized 
stains.” Dent Update 32(8): 463-464, 466-468, 471. 


Suwannarat, P, C. Phornphutkul, |. Bernardini, M. 
Turner and W.A. Gahl (2004). “Minocycline-induced 
hyperpigmentation masquerading as alkaptonuria in 
individuals with joint pain.” Arthritis Rheum 50(1 1): 
3698-3701. 


Takashima, Yukiko, Yuki Matsumi, Yoshie Yamasaki, Keiko 
Hirano, Kanako Yanagida, Kazuyo Fujita, and Michiyo 
Matsumoto-Nakano (2015). “Black Pigmentation 
in Primary Dentition: Case Report and Literature 
Review.’ Pediatric Dental Journal: 184-88. 


Watts, A. and M. Addy (2001). “Tooth discolouration 
and staining: a review of the literature.” Br Dent | 
190(6): 309-3 16. 


Zanatta, FabricioBatistin, Raquel PippiAntoniazzi, 
and Cassiano Kuchenbecker Rosing (2010). “Staining 
and Calculus Formation after 0.12% Chlorhexidine 
Rinses in Plaque-free and Plaque Covered Surfaces:A 
Randomized Trial.” J. Appl. Oral Sci. Journal of Applied 
Oral Science 18, no. 5: 515-21. 


Zyta T, Kawala B,Antoszewska-Smith J, Kawala M 
(2015).Black stain and dental caries: a review of the 
literature. Biomed Res Int.: 2015:469392. 


Periodontics & Oral Implantology 





GaN Bei 


75 Softtanar 








sg” 


Chapter Outline: 


SOFT TISSUE LESIONS - 
¢ Desquamative Gingivitis — Peripheral ameloblastoma 
— Lichen planus ¢ Benign Lesions of the Gingiva 
— Mucous membrane pemphigoid — Human papillomavirus warts 
— Bullous pemphigoid — Condyloma acuminatum 


Gingival cyst 


— Pemphigus Vulgaris — Mesenchymal Exophytic 
— Lupus erythematosus Lesions 
— Erythema multiforme ¢ Malignant Lesions of the Gingiva 


¢ Reactive Nodular Lesions of the Gingiva — Proliferative verrucous 


— Reactive Fibrous hyperplasia leukoplakia 
—  Pyogenic granuloma — Squamous cell carcinoma 
— Peripheral ossifying fibroma — Melanoma 
— Peripheral giant cell lesion — sarcomas 
¢ Peripheral Odontogenic Lesions ¢ Metastatic Gingival Lesions 


The soft and hard periodontal tissues are susceptible 
to not only inflammatory changes but also benign and 
malignant conditions. The clinical presentation of soft 
tissue lesions affecting the periodontium may generate 
diagnostic challenges for the dentist. The formulation of a 
sound differential diagnosis is essential for proper patient 
management. 


SOFT TISSUE LESIONS 


Desquamative gingivitis: 


The term chronic Desquamative gingivitis(DG) describes 
a peculiar condition characterized by intense erythema, 
desquamation, and ulceration of the free and attached 
gingiva. Although 50% of DG case are localized exclusively 
in the gingiva. The term desquamative gingivitis is rather 
unspecific and comprises a gingival response associated 
with a variety of conditions. 
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HARD TISSUE LESIONS — Malignant 
¢ Odontogenic Lesions — Osteosarcoma 
— Cysts — Chondrosarcoma 
— Buccal bifurcation cyst — Lymphoma 


— Lateral periodontal cyst — Multiple myeloma 
— Odontogenic keratocyst MISCELLANEOUS 


— Tumors ¢ Giant Cell Fibroma 
— Ameloblastoma ¢ Gingival Fibrous Nodule 
— Adenomatoid odontogenic tumor * Langerhans Cell Disease 
— Odontoma ¢  WVerruciform Xanthoma 
¢ —Non-odontogenic Lesions ¢ Gingival Salivary Gland Choristoma 
— Benign ¢ Wegener’s Granulomatosis 
— Bone exostosis 
— Osteoma 


Approximately 75% of DG cases have a dermatologic 
origin and are mainly associated with mucous membrane 
pemphigoid (MMP), Lichen planus (LP), and, to a lesser 
degree, PemphigusVulgaris (PV) 


Lichen planus 


LP is a relatively common, chronic cutaneous condition. 
Oral lichen planus (OLP) presents in 0.1% to 4% of the 
population. Most of the patients with OLP are middle-aged 
and older women (2:1 ratio of females to male). 


There are several clinical forms of OLP such as reticular, 
patch, atrophic, erosive and bullous forms; the most 
common are the reticular and erosive subtypes. Typically, 
the buccal mucosae shows reticular and asymptomatic 
bilateral lesions (Figure |). 
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Fig. 75.1 Desquamative gingivitis — Erosive Lichen planus 


Up to 10% of patients with OLP have lesions restricted to 
the gingival tissue, which may occur as keratotic, erosive/ 
ulcerative, vesicular/bullous, or atrophic subtypes. 


The erosive, bullous, or ulcerative lesions of OLP are 
treated with high-potency topical steroids (for example, 
0.05% Fluocinonide ointment applied to lesions three times 
daily). Alternatively, systemic steroids can also be used but 
require close follow-up by a dermatologist because of their 
potentially deleterious side effects. 


Mucous Membrane Pemphigoid (MMP) 


MMP (also known as cicatricial pemphigoid) is a chronic, 
vesiculobullous autoimmune disorder that predominantly 
affects women in their fifth decade of life, and occasionally 
young children. 


As the name implies, MMP predominantly affects a variety 
of mucous membranes; however, in about 20% of cases, 
the skin may also be involved. Numerous vesiculobullous 
lesions may occur elsewhere in the mouth. Rupture of the 
vesiculobullous lesions leave serpiginous ulcerations that 
may take 3 weeks or longer to heal. 


Desquamative gingivitis is the most typical oral presentation 
and is characterized by the presence of areas of gingival 


erythema, desquamation, and ulceration. Microscopically, 


sub-epithelial clefting occurs with separation of the 
epithelium from the underlying lamina propria, leaving 
an intact basal layer. A mixed inflammatory infiltrate 
consisting of lymphocytes, plasma cells, neutrophils, and 
scarce eosinophils is observed in the stroma. 
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When the oral lesions of MMP are confined to the gingival 
tissues, vacuum-formed custom trays can be used for 
delivery of fluocinonide (0.05%) or clobetasol propionate 
(0.05%) three times a day.6 proper oral hygiene is 
essential to decrease the gingival inflammatory response. 
Currently, the drug of choice is dapsone (25 to 200 mg 
daily). However, caution should be exercised in elderly 
patients and patients with G6PD deficiency, when this drug 
is contraindicated. Alternative effective therapeutic agents 
include sulfamethoxypyridazine, sulfapyridine, tetracyclines, 
and nicotinamide. 


Pemphigus Vulgaris (PV) 


PV is a potentially lethal chronic condition with an 10% 
mortality rate and predilection for women after the fourth 
decade of life. Oral lesions are the first sign of the disease 
in approximately 60% of patient and may present one year 
or more before the cutaneous lesions. 


The oral lesions of PV range from small vesicles to large 
bullae. The Nikolsky’s sign is positive in PV. This clinical test 
is performed by using either an air syringe to blow air on 
the peri-lesional tissue or by gently rubbing peri-lesional 
tissue with a finger. If the surface layer of mucosa separates 
from the underlying tissue, the patient is said to exhibit a 
positive Nikolsky’s sign. The sign may be positive in other 
desquamative lesions as well. Once the bullae ruptures, the 
lesion coalesce to form extensive areas of ulceration. 


The soft palate is the site most frequently affected 
followed by, in descending order of frequency, the buccal 
mucosa, tongue, and lower labial mucosa. Rarely, the only 
manifestation of PV is desquamative gingivitis.(Figure.2). 





Fig. 75.2 Desquamative gingivitis — Pemphigus 
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PV is treated with systemic corticosteroids. Tapering of 
the medication is done as soon as possible to minimize 
its side effects. “Steroid-sparing”’ therapies combine small 
doses of steroids plus any of the following: azathioprine, 
cyclophosphamide, cyclosporine, dapsone, gold, methotrex 
ate,photoplasmaphoresis. or plasmapheresis 


Topical antifungal medication may be needed to eliminate 
iatrogenic Candidiasis, which often arises when topical 
steroids are usedintraorally. Meticulous oral hygiene and 
periodontal care are essential for overall management of 
patients with PV. 


Chronic Ulcerative Stomatitis (CUS) 


CUS presents mainly in women in their fourth decade of 
life as chronic oral erosions and ulcerations, with only few 
cases exhibiting concurrent cutaneous lesions. 


The oral lesions consist of small blisters and erosions with 
surrounding erythema and pain mainly on the gingiva and 
the lateral border of the tongue. A clinical diagnosis of 
Desquamative Gingivitisis not unusual for these patients. 


CUS is clinically similar to other desquamative lesions. 
Erosive LP PV,MMBP, linear IgA disease, bullous pemphigoid, 
and lupus erythematosus must be included in the clinical 
differential diagnosis. Mild cases of CUS are treated with 
topical steroids (fluocinonide, clobetasol propionate). 
Clinical improvement is observed with topical medications, 
but recurrences are common. A high dose of systemic 
corticosteroids may be used to achieve transient remission. 
Hydroxychloroqauine sulfate at a dosage of 200 to 400 mg/ 
day seems to be the treatment of choice to produce a 
long-lasting remission. Unfortunately, the initial response 
to chloroquine may end after several months or years of 
treatment. In those cases,a combined therapeutic approach 
(small doses of corticosteroids and chloroquine) might be 
indicated. 


Reactive Nodular Lesions of the Gingiva 


The gingival mucosa is continuously facing a wide variety of 
challenges. The response of the gingival tissues to pathogenic 
factors such as dental plaque, calculus, ill-fitting prosthetic 
devices, thermal and chemical agents may lead to reactive, 
hyperplastic changes. These changes are distinctive and can 
be segregated into four clinical lesions: 
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|. Fibrous hyperplasia. 

2. Pyogenic granuloma. 

3. Peripheral ossifying fibroma. 
4. Peripheral giant cell lesion. 


Reactive Fibrous Hyperplasia (Peripheral fibroma, traumatic 
fibroma, irritation fibroma, focal fibrous hyperplasia) 


Peripheral fibroma is typically an asymptomatic, dome- 
shaped nodule with either a sessile or pedunculated 
base. The nodule is usually less than I|.0 cm in diameter 
and exhibits a smooth surface with a pale pink color. If 
traumatized, the surface may ulcerate and alter the typical 
pale pink color of the lesion. 


This lesion is managed by surgical excision and has an 
excellent prognosis with a low recurrence rate. (Figure 3) 





Fig. 75.3 Irritational fibroma in maxillary gingiva 


Pyogenic Granuloma (Pregnancy tumor) 


Pyogenic granuloma is anodular, purple to red, hemorrhagic, 
circumscribed friable polypoid lesion that bleeds easily and 
is often ulcerated. Microtrauma from tooth brushing and 
local irritants such as dental plaque and calculus seem to 
be the etiologic factors of this condition (Figure 4). 
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Fig. 75.4 Pyogenic granuloma in maxillary gingiva 


Pyogenic granuloma is painless, occurs mainly in women 
during the second and fifth decades of life and usually in 
the anterior mandibular or maxillary gingiva. The so-called 
pregnancy tumor is a clinical term used to identify a pyogenic 
granuloma that occurs in pregnant women. (Figure 5) 





Fig. 75.5 Pyogenic granuloma in maxillary gingiva that bleeds 
spontaneously 


Surgical excision is the preferred treatment of choice, 
with removal of local irritants to prevent recurrence. For 


pregnancy tumor, aconservative approach is recommended. 
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In the absence of significant aesthetic or functional 
problems or both, the lesion should not be surgically 
excised because it may resolve after parturition. 


Local irritants such as plaque and calculus should be 
removed. Those lesions failing to resolve should be 
surgically excised. Follow-up of the patient is needed 
because pyogenic granuloma exhibits a tendency to recur 


(Fig 4). 
Peripheral Ossifying Fibroma 


Peripheral ossifying fibroma usually presents as a polypoid, 
pink lesion in the interdental papilla. Clinically, this lesion may 
be impossible to distinguish from a pyogenic granuloma. 


However, calcifications within the lesion may not always 
be visible radiographically. lt may appear from the first to 
the sixth decade of life with a peak incidence in the second 
decade of life. About 60% of the cases involve the anterior 
segment of the dental arch with a |:I ratio between 
the mandibular and the maxillary gingivae and a definite 
predilection for female over male individuals (4:1) 


In some cases, clinician may make a clinical diagnosis of 
peripheral ossifying fibroma by taking a periapical film of the 
Suspicious area that reveals the presence of radiopacities in 
the gingival lesion. 


Surgical excision down to the periosteum and periodontal 
ligament with thorough root planing is the mainstay of 
treatment for peripheral ossifying fibroma. However, an 8% 
to 20% recurrence rate is typically observed. 


Peripheral Giant Cell Lesions: 


Peripheral giant cell lesion presents as a gingival nodule with 
a sessile base and a red to purple discoloration that may 
sometimes produce displacement of teeth.In rare occasions, 
it may be seen in the alveolar mucosa of edentulous areas. 
The lesion is often indistinguishable clinically from a pyogenic 
granuloma or a peripheral ossifying fibroma. 


Local etiologic factors such as trauma, calculus, food debris, 
and ill-fitting dental restorations/prosthesis seem to play a 
significant role in the development of this lesion. 


Close to 60% of the peripheral giant cell lesions are 
confined to anterior segment of the jaws with an equal 
distribution between maxilla and mandible. They can occur 
from the first to the eighth decade of life with a mean 
age of 35 years. A 2:| female-to-male ratio is routinely 
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observed. Radiographic evidence of superficial resorption 
of the subjacent alveolar bone is common. 


Surgical excision is the treatment of choice for peripheral 
giant cell lesions.A 10% recurrence rate is typical and thus 
warrants follow-up of the patient to monitor proper 
healing. 


Peripheral Odontogenic Lesions: 


Although a rare occurrence, the gingival tissues of the 
maxilla and mandible have the potential to develop any 
peripheral odontogenic cysts or tumors. There are no 
particular features that may aid to render an accurate 
clinical diagnosis for any of the peripheral odontogenic 
cysts or tumors. It is only after examination of a biopsy 
specimen that the identity of the lesion is unveiled. The 
only most common rather rare peripheral lesions are 
gingival cyst and peripheral ameloblastoma. 


Gingival Cyst: 


The gingival cyst of adults is a rare odontogenic lesion with 
a slight predilection for men in their fifth to sixth decade 
of life. The majority of these lesions (75%) are located 
in the labial attached or free gingiva of the mandible in 
the premolar-canine-incisor area. Clinically, it appears has 
a single, small raised lesion like a vesicle shows a bluish 
discoloration.Radiographs of the area show only normal 
structures. 


Surgical excision is the preferred treatment, and, in some 
cases, superficial saucerization of the alveolar bone may 
be seen during surgery. If incompletely excised, chances of 
recurrence. 


Peripheral Ameloblastoma: 


Peripheral ameloblastoma presents as a painless, sessile 
growth with a firm consistency. The surface is usually 
smooth and similar in color to the surrounding mucosa. It 
is about | cm in diameter, and they occur more frequently 
in men during 5th and 6th decade of life. Nearly 60% of 
peripheral ameloblastoma occurs in mandibular canine 
and incisor gingiva, innearly half of them are located in the 
lingual gingiva of the canine-premolar area. Prognosis is 
excellent. 
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Benign Lesions of the Gingiva 


Papillary Epithelial Lesions 


A variety of conditions witha papillary and verruco-papillary 
appearance may present in the gingival tissues. Here we are 
discussing the selected conditions that are important in 
clinical diagnosis. 


Human Papillomavirus Warts 


Human papillomavirus (HPV), a small DNA virus with 
more than I00 subtypes, can induce oral lesions. HPV 
warts of the oral cavity can be segregated into squamous 
papilloma, verruca vulgaris, and condyloma acuminatum. 


The clinical distinction of squamous papilloma from verruca 
vulgaris can be difficult at times. However, oral verruca 
vulgaris is most common in children and young adults, 
whereas squamous papilloma appears during the third to 
fifth decades of life. 


Squamous papilloma can affect any oral surface, but the 
most common sites in order of decreasing frequency are 
soft and hard palate, tongue, lips, and gingiva. For verruca 
vulgaris, the most common are the vermillion border, lips, 
hard and softpalate, tongue, buccal mucosa, and gingiva. 
Clinically, both lesions have a white papillary surface; a 
“cauliflower “appearance is more typical of a Verruca 
vulgaris. 


Condyloma acuminatum is a sexually transmitted disease 
with a slight predilection for teenagers and young adults 
where HPV subtypes 2, 6, 11, 53, and 54 are commonly 
identified. Upper lip, lingual frenum, dorsum of the tongue, 
lower lip, ventral part of tongue, and gingiva are the most 
common locations for condyloma acuminatum. Single or 
multiple oral lesions may be observed.The early stages 
of oral condyloma acuminatum consist of multiple small, 
fleshy nodules that proliferate and eventually coalesce. 
Longstanding oral condylomas are larger than squamous 
papilloma and verruca vulgaris and exhibit a broad-base 
and a fleshy surface with blunted papillary projections. 


Mesenchymal Exophytic Lesions 


Some benign mesenchymal tumors may develop in the 
gingival tissues. They are usually asymptomatic (unless 
traumatized), exophytic, sessile, non-ulcerated lesions. A 
number of cases with such as neurofibroma, fibrolipboma, 
leiomyoma, myofibroma, and_ bilateral symmetric 
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lymphangiomas of the gingiva have been documented in 
the literature. 


It is practically impossible to make an accurate clinical 
diagnosis of any type of benign mesenchymal tumor of the 
gingiva because all of them exhibit clinical features that are 
similar to conventional inflammatory lesions. 


Malignant Lesions of the Gingiva 


Proliferative Verrucous Leukoplakia 


In 1985, Hansen described for the first time a unique form of 
leukoplakia Because of its clinical appearance, consisting of 
expanding, verrucous white lesions, the term proliferative 
verrucous leukoplakia (PVL) was used. A total of 80% of 
patients with PVL are women, with a mean age of 65 years. 
An absence of risk factors is observed in patients with 
PVL. 


Clinically, the early lesions of PVL appear as a solitary 
homogeneous leukoplakia and spreads over time resulting 
in diffuse, multifocal and exophytic or verrucous type of 
oral lesions. The most common site is the buccal mucosa 
followed by the gingiva and tongue. Gingiva exhibits 
greatest malignant transformation rate. 


Surgical eradication and laser vaporization of the lesions 
is difficult given the widespread nature of the condition 
and repeated recurrences. In cases in which PVL may 
be associated with HPV, a combination of surgery and a 
synthetic antiviral can be given. 


Squamous Cell Carcinoma 


Squamous cell carcinoma is the most common malignancy 
of the oral cavity and oropharynx. The gingiva (alveolar 
ridge included) is the third most common site for intraoral 
Squamous cell carcinoma and represents about 15% to 
25% of the oral epithelial malignancies. Mandibular gingival 
Squamous cell carcinomas are more common than their 
maxillary counterparts (2:l ratio) and characteristically 
exhibit a wide spectrum of clinical presentations, sometimes 
deceptively mimicking innocuous inflammatory conditions 
(Figure) 
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Fig. 75.6: Squamous cell carcinoma of palate involving the 
gingiva 


Early diagnosis and treatment of squamous cell carcinoma 
of the gingiva leads to a //% 5-year survival rate (stage |). 
In contrast, only 24% 5-year survival rates are observed in 
advanced stages (stage IV). Thus, biopsy of gingival 
lesions that fail to resolve within 2 weeks is warranted. 


Gingival mandibular carcinomas exhibit a tendency to 
invade the underlying alveolar bone; however, the 
size of the tumor is important than mandibular 
invasion in predicting local disease control. 


Melanoma 


Melanomas originate from two types of neural crest cells: 
melanocytes and nevus cells. Melanocytes are dendritic 
cells that reside in the epithelium and show contact 
inhibition. In contrast, nevus cells reside in the subjacent 
connective tissue and tend to aggregate in clusters. 
Oral melanoma accounts for 0.5% of all oral malignancies. 


Although the most common site for oral melanoma is the 
palate (40%), gingival melanomas represent close to one- 
third of these tumors. Oral melanoma is more frequent in 
men than in women and is diagnosed during the fifth to 
sixth decade of life (age range, 40 to 90 years). 


Clinically, oral melanoma may exhibit three presentations: 
either a pigmented macule or a pigmented nodule with or 
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without areas of ulceration, or a nodule with similar color 
to the surrounding oral mucosa (amelanotic melanoma). 


When the clinical presentation is a pigmented macule, 
lesions that should be included in the differential diagnosis 
include amalgam tattoo, oral melanotic macule, junctional 
nevus, and melanoma. 


lt is not unusual for the nodular gingival melanoma to be 
asymptomatic and to be preceded by an area previously 
occupied by a long-standing (months to years) pigmented 
macule. Any rapidly growing lesion, either pigmented or 
not, requires a biopsy without delay. 


The treatment of choice for oral melanoma is surgical 
excision with adequate negative margins. Radiotherapy and 
chemotherapy are palliative interventions that may be used 
in addition to the surgical excision. 


The prognosis for gingival melanoma is quite poor, and 
the 5-year survival rate stands at 18%. The survival rate is 
affected by presence of lymph node involvement. 


Sarcomas 


Intraoral soft tissue sarcomas (STS) are exceedingly rare, 
and there is an even greater paucity of STS affecting the 
periodontal tissues. Consequently, there is little clinical 
information regarding their occurrence. 


Most of the knowledge available in the literature about 
STS has been derived from case reports. Usually, STS are 
diagnosed in patients older than 20 years with no sex 
predilection. 


Cases of malignant peripheral nerve sheath tumor, 
angiosarcoma, rhabdomyosarcoma, 
leiomyosarcoma, liposarcoma, fibrosarcoma, and 


malignant fibrous histiocytoma have been reported 
involvingthe periodontium, especially the gingival tissues. 


Clinically, oral STS are exophytic, infiltrative masses that 
may exhibit rapid growth and may or may not be painful. 


Because the non-specific clinical features, the precise 
final diagnosis is based on the histopathological features 
of the tumor. Distant metastasis of intraoral STS is not 
uncommon. 


Metastatic Gingival Lesions 


Metastasis to the gingival tissues is uncommon. However, 
more than half (55%) of the metastases restricted to the 
oral soft tissues involve the gingiva. 
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Clinically, some gingival metastatic lesions present as 
asymptomatic benign pink enlargements, whereas other 
lesions mayclosely simulate localized inflammatory reactive 
lesions that are misdiagnosed as pyogenic granuloma, giant 
cell granuloma, or peripheral fibroma. 


A more ominous presentation includes rapidly growing 
exophytic, erythematous, or hemorrhagic masses that may 
be pedunculated or sessile, rubbery to firm or fixed. They 
usually exhibit large areas of ulceration producing marked 
halitosis and, in some cases, paresthesia of the lower lip. 
An equal distribution of mandibular and maxillary gingiva 
metastatic lesions is observed. 


Circulating malignant cells show a proclivity to becoming 
entangled in the rich capillary network of the chronically 
inflamed gingiva. 


Removal of gingival metastases is warranted because of the 
discomfort and bleeding that they produce.The prognosis 
for these patients is grim; death usually occurs a few 
months after the diagnosis of metastasis to the gingiva. 


HARD TISSUE LESIONS 


Similar to the gingival tissues, the mandible and maxilla 
are prone to development of odontogenic and non- 
odontogenic lesions. Imaging studies and microscopic 
examination play a central role in the proper diagnosis and 
management of these lesions. 


Odontogenic Lesions 
Cysts 


The list of central odontogenic cysts and tumors is 
extensive. This section deals with a selected number of 
central odontogenic lesions that may present clinical or 
radiographic features affecting periodontal structures. 


Buccal Bifurcation Cyst: 


A variant of odontogenic cysts with and radiographic 
features is the buccal bifurcation cyst. Clinically, a 
completely erupted and vital molar tooth presents buccal 
tipping of the crown. The most commonly affected teeth 
are the mandibular first molars, and less frequently the 
mandibular second molar. Radiographic imaging reveals the 
presence of a unilocular radiolucency at the bifurcation of 
a molar tooth. 
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Lateral Periodontal Cyst: 


The lateral periodontal cyst (LPC) is an odontogenic cyst 
that originates from rests of dental lamina. LPC is more 
prevalent in adults during the fifth to seventh decades of 
life. This lesion shows no sex predilection. 


The majority of these lesions is located in the mandibular 
canine to premolar areas and is usually discovered during 
a routine radiographic examination. Maxillary cysts can be 
seen in canine-premolar region. Expansion of the buccal 
or lingual alveolar plate with normal-appearing or slightly 
blanching surface mucosa may be _ observed in some 
cases. 


Radiographically, a well-defined, oval to tear drop, 
corticated radiolucency flanks two contiguous troth, along 
their lateral root surfaces and between the alveolar crest 
and the root apices. 


Because other types of cysts and neoplasms may mimic 
the clinical and radiographic presentation of LPC, it is 
important to establish the final diagnosis of LPC on the basis 
of histopathological, radiographic, and clinical information. 
Complete surgical removal of LPC with preservation of 
the neighboring teeth is the most appropriate treatment. 


Odontogenic Keratocyst 


The odontogenic keratocyst (OKC) originates from 
remnants of dental lamina. It occurs during the second and 
third decades of life and affects the mandible twice as much 
as the maxilla. The most common location for OKC is the 
posterior body of the mandible and the ramus. Swelling or 
pain, or both, may be the only manifestations of OKC. 


Tumors 


Ameloblastoma. 


Ameloblastoma is the second most common odontogenic 
tumor and originates from any odontogenic epithelium 
including dental lamina rests, epithelial rests of Malassez, 
reduced enamel epithelium, and cystic epithelial lining. 
Ameloblastoma exhibits no sex predilection and occurs 
in the mandible and the maxilla of adults at about fourth 
decade of life. Most ameloblastomas occur in the 
mandibular molar area, are usually asymptomatic, and are 
discovered during a routine radiographic examination or 
during the exploration of a painless jaw swelling. 
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Radiographically, ameloblastomas present as unilocular or 
multilocular corticated radiolucencies, when ameloblastoma 
presents in the mandible in an inter-radicular location in the 
area of premolars, distinction of LPC and OKC can only be 
done through microscopic examination of the lesion. 


Conservative treatments such as enucleation and curettage 
are unacceptable and result in extremely high recurrence 
rates. 


Adenomatoid Odontogenic Tumor 


Adenomatoid odontogenic tumor is typically identified in 
the anterior jaws (mainly in maxilla) of young individuals 
usually in their second decade of life and a common 
predilection for female. 


This lesion is characterized by a painless swelling with 
radiographic evidence of the presence of a unilocular 
radiolucency that sometimes shows focal radiopacities 
and is associated with an impacted tooth. However, some 
tumors may present as an inter-radicular, unilocular- 
radiolucency in the anterior jaws mimicking an LPC. 


Odontoma 


Odontoma is the most common odontogenic tumor. 
Two types of odontomas are recognized. The compound 
odontoma is characterized by the presence of hard and 
soft dental tissues that have a tendency to recreate the 
shape of teeth (denticles). In contrast, complex odontoma 
is the result of a haphazard configuration of hard and soft 
dental tissues. Compound odontomas exhibit a predilection 
for the anterior maxilla, whereas complex odontomas are 
usually located in the posterior areas of the maxilla and 
mandible. 


The majority of odontomes are associated with an 
unerupted tooth and are diagnosed during childhood 
and adolescence in the course of a routine radiographic 
examination. Radiographically, an odontoma in an early- 
stage appears as a well-defined radiolucency. However, 
once mineralization is established, compound odontomes 
exhibit radiopaque tooth-like structures surrounded by 
a peripheral thin radiolucency. The complex odontoma 
consists of a radiopaque mass. 


Benign Non-Odontogenic Lesions 


Bone Exostosis 


Exostoses are localized peripheral overgrowths of 
bone. Depending on their location in the jaws, they are 
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identified as torus mandibularis (lingual mandibular plate) 
or torus palatinus (hard palate). Sometimes, several bony 
overgrowths occur on the vestibular alveolar bone and are 
simply called multiple exostosis. 


A slowly growing exostosis develops at the recipient site 
of the gingival graft. A definitive female sex predilection 
is characteristic of this condition, which presents in the 
canine-premolar area of the mandible or maxilla. 


Osteoma 


Osteomas of the jaw bones are usually diagnosed in the 
second to fourth decade of life during a routine radiographic 
examination and are more common in the mandible. 
Radiographically, they appear as radiopaque masses and 
well-defined lesions. The presence of multiple osteomas 
in the mandible may represent the first sign suggesting a 
diagnosis of Gardner syndrome. 


Surgical excision is reserved only for symptomatic cases, 
and the prognosis is excellent. 


Malignant Non-odontogenic lesions: 


Osteosarcoma 


Osteosarcoma is a malignant tumor characterized by the 
direct formation of bone or osteoid tissue by the tumor 
cells. lt has a greater incidence in male individuals. It is usually 
diagnosed during the third to fourth decade of life, and it 
seems to affect mandible and maxilla at similar rates.More 
specifically, the body of the mandible is the most frequent 
primary site for osteosarcoma, followed by the symphysis, 
angle, and ascending ramus. In the maxilla, the alveolar ridge 
and the maxillary antrum are the most frequent sites. 


Clinically, swelling, pain, and paresthesia are the most 
common _ signs and symptoms.The typical scenario 
involves a rapidly growing firm or hard tumor that may 
cause loosening and migration of the teeth. A variant of 
osteosarcoma, juxtacortical osteosarcoma, can arise on 
the alveolar bone of dentate patients and may mimic the 
clinical appearance of “pyogenic granuloma.” 


Radiographically, osteosarcoma presents as radiolucent, 
radiopaque, or mixed lesions. Most osteosarcomas show 
a mixed (radiopaque-radiolucent) density with irregular 
margins. The classic’‘sunburst” appearance of osteosarcoma 
may be seen in about half of the cases. 
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A symmetric widening of the periodontal ligament space is 
a significant feature of osteosarcoma. This can be seen in 
periapical filmsif the periodontal ligament widening affects 
all the teeth. Scleroderma (systemic sclerosis) should be 
considered in the differential diagnosis. 


A comprehensive radiographic assessment including 
periapical, occlusal, and panoramic films can be extremely 
valuable to establish an early diagnosis of osteosarcoma. 


Chondrosarcoma 


Chondrosarcoma is a malignant tumor characterized by the 
formation of cartilage by the tumor cells. Chondrosarcoma 
of the jaws presents equally in male and female individuals 
with a peak incidence in the third to fifth decades of life 
and shows predilection for the maxilla. 


The most common sign is the presence of an enlarging 
mass that produces cortical expansion with concomitant 
resorption and exfoliation of neighboring teeth. 


The typical radiographic appearance consists of an ill- 
defined radiolucency with mottled areas of calcification. 
Sometimes, a “sunburst” pattern similar to that seen in 
osteosarcoma is observed. In addition, widening of the 
periodontal membrane of teeth involved by the tumor may 
be demonstrated in periapical radiographs. 


Lymphoma 


Lymphomas are malignant neoplasms of presence of 
lymphoreticular system and divided into two main 
categories; Hodgkin’s disease,characterized by presenceof 
Reed-Stern berg cells, and Non-Hodgkin’s lymphoma 
(NHL). Hodgkin's lymphoma rarely presents in the oral 
cavity and thus is not discussed in this section. 


The head and neck represent the second most common 
site for primary extranodal NHL. Most cases of NHL in 
the oral cavity are secondary rather than primary lesions. 
However, when the oral cavity is the primary site, NHL 
tends not to spread to other sites. NHL of the oral cavity is 
most commonly diagnosed in adults after the sixth decade 
of life and shows a 2:! male-to-female ratio. 


The favored intraoral soft tissue sites for NHL are the 
palate and gingiva. Clinically, a mass or an ulcerated mass 
similar to squamous cell carcinoma or salivary gland tumor 
is observed. However, NHL may also appear as a benign 
swelling. 
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When __intraosseous, NHL exhibits an_ ill-defined 
radiolucency with alveolar bone loss and tooth mobility 
that may resemble aggressive periodontitis or periodontal 
abscesses. Perforation of the cortical bone with ensuing 
swelling, pain, numbness, and an exophytic soft tissue mass 
is observed in long-standing central lesions. 


The treatment of lymphoma varies according to the type 
of tumor. Radiotherapy, chemotherapy, and surgery are 
commonly used. 


Multiple Myeloma 


Multiple myeloma is a malignant neoplasm characterized 
by a monoclonal proliferation of plasma cells involving 
multiple bone sites that is accompanied by increased levels 
of immunoglobulins in serum or light chains in urine (Bence 
Jones protein). Serum electrophoretic analysis reveals a 
monoclonal expansion of either IgG- or lgA-producing cells. 


Multiple myelomasoccur most frequently in adults after 
their fourth decade of life and exhibit a slight male sex 
predominance. 


Multiple myelomas may affect any bone, but the vertebrae, 
ribs, skull, pelvis, jawbones, femur, clavicles, and scapulae are 
the most commonly affected sites. Jaw bone involvement 
often occurs in advanced stages of the disease and is more 
frequent in the posterior mandible and the premolar and 
molar region. 


Although an asymptomatic swelling of the mandible is the 
most common sign, pain, numbness, mobility of the teeth, a 
gingival mass, and pathologic fractures are not uncommon. 


Radiographically, multiple “punched-out” osteolytic lesions 
are observed. Multifocal areas of alveolar bone loss 
may resemble periodontal disease. Sometimes, solitary 
bone lesions (plasmacytoma) or soft tissue lesions 
(extramedullary plasmacytoma) may present without bone 
marrow- involvement. 


Miscellaneous lesions: 


Giant Cell Fibroma 


Giant cell fibroma is a lesion commonly seen in young 
individuals with definitive predilection for the mandibular 
gingival tissues. This lesion is usually pedunculated and 
presents a nodular surface. Simple surgical excision is the 
preferred treatment. 
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Retrocuspid Papilla 


The retrocuspid papilla is a small sessile (occasionally 
pedunculated) nodular lesion on the lingual gingiva adjacent 
to the mandibular canine, usually | mm below the free 
gingival margin. 


The retrocuspid papilla is bilateral, asymptomatic, more 
common in children and young adults, and, in some 
cases, it may disappear with age. The mean age at the 
time of diagnosis is around 26 years. This lesion displays 
a firm consistency, pinkish-white color, and measures 
approximately 0.5 cm in diameter. 


Once a sound clinical diagnosis is established on the basis 
of bilateral distribution, clinical appearance, and location, 
biopsy is unnecessary. However, in those few cases where 
the retrocuspid papilla exhibits a reddish discoloration, 
biopsy is warranted to rule out a pathologic process. 


Gingival Fibrous Nodule 


Gingival fibrous nodule represents a variation of normal 
structures. Clinically, single or multiple asymptomatic 
nodules, 2 to 4 mm in diameter, are located on the anterior 
labial mucogingival region. They exhibit white pink to pink 
color and are firm but not bony hard. 


The differential diagnosis of gingival fibrous nodule includes 
fibroma, papilloma, focal epithelial hyperplasia, multiple 
hamartomas, gingival cyst, and exostosis. This is a variation 
of normal oral structures; no treatment is indicated, and a 
biopsy is necessary only if there is clinical uncertainty. 


Langerhans Cell Disease 


Langerhans cell histiocytosis is a proliferative disorder 
of the reticulo-endothelial system with a suspected 
underlying neoplastic etiology. Langerhans cell histiocytosis 
includes three clinical entities: Letterer-Siwe disease (acute 
disseminated histiocytosis), Hand-Schuller-Christian disease 
(chronic disseminated histiocytosis), and eosinophilic 
granuloma (chronic localized histiocytosis). 


These variants have different clinical features, but 
considerable overlap is observed among them. The 
following discussion focuses on the oral involvement of 
eosinophilic granuloma. 


Periodontics & Oral Implantology 


Chapter 75 


Eosinophilic granuloma 


Eosinophilic granuloma may present as a monostotic or 
polyostotic bone disorder, and rarely may it be restricted 


to oral soft tissues, mainly the gingiva. Pain, jaw swelling, 


and tooth mobility are common clinical features. 


Radiographically, a “scooped-out” radiolucency with well- 
defined borders is typically observed. Severe destruction of 
the supporting alveolar bone can produce displacement of 
the teeth and may mimic advanced periodontal disease. In 
extreme cases, the radiologic appearance of teeth “floating 
in air’ observed. 


Oral soft tissue involvement is usually manifested as swelling 
or ulceration of the gingiva. 


Therapeutic interventions include surgery, radiation, or 
chemotherapy. Intralesional injection of corticosteroids 
(prednisone) in solitary lesions has been reported to 
be effective. The prognosis for eosinophilic 
granuloma is good. However, long-term follow-up _ is 
mandatory, because progression and dissemination of the 
disease with subsequent visceral involvement can occur 
and has a poor prognosis. 


Oral Focal Mucinosis 


Oral focal mucinosis isan uncommon condition of unknown 
etiology. It occurs in age range 16 to 61 years and exhibits a 
2:1 female to male ratio. A marked predilection for gingival 
tissues is characteristically seen. 


lt appears as a smooth surface nodular mass that rarely 
may exhibit a lobularsurface, and that is usually clinically 
diagnosed as a ‘fibroma’. This lesion is asymptomatic and 
varies in size from 0.3 to 2.0 cm, but most are about | cm 
in diameter 


The treatment for Oral focal mucinosis is surgical excision. 
The prognosis is excellent, and no recurrence has ever 
been reported. 


Gingival Hyperplasia Associated with Plasminogen 
Deficiency (Amyloid-like gingival hyperplasia) 


Plasminogen is the precursor of plasmin, the main 
fibrinolytic enzyme, which plays a significant role in 
wound healing. A quantitative or qualitative deficiency of 
plasminogen results in the accumulation of fibrin in the 
oral mucosa, in particular, in the gingival tissues. 
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This condition has a predilection for female individuals and 
is clinically characterized by gingival enlargement composed 
of nodules, papules, plaques, and ulcerations. Although these 
lesions usually develop within the first two decades of life. 


Surgical excision of the enlarged tissue followed by 
meticulous oral hygiene is the preferred treatment. 
Unfortunately, the excised lesions show a tendency to 
recur swiftly. Replacement therapy with Lys-plasminogen 
holds great promise once it becomes widely available. 


Verruciform Xanthoma 


Verruciform xanthoma is a benign and uncommon lesion 
of unknown etiology with predilection for the masticatory 
mucosa. At least one-third of these lesions occur in the 
gingival tissues 


This lesion is small (0.2 to 2.0 cm), asymptomatic, and has a 
“warty” surface of normal to slightly reddish or gray color, 
usually with a sessile base. Most lesions are seen in middle 
—aged individuals in their fourth to fifth decade of life. 


Simple surgical excision is the treatment of choice. 
Gingival Salivary Gland Choristoma 


The presence of normal-appearing tissue in an abnormal 
location is known as choristoma. A number of gingival 
salivary gland choristomas have been documented. 


They present as sessile or pedunculated smooth, nodular 
lesions on the attached gingival tissues. This lesion is 
managed surgically and has an excellent prognosis with no 
recurrences ever reported. 


Wegener’s Granulomatosis: 


Wegener’s granulomatosis (VWWG) is a systemic disease 
of unknown etiology characterized by the formation of 
necrotizing granulomas of lower and upper respiratory- 
tract, generalized necrotizing vasculitis of small arteries and 
veins, and necrotizing glomerulonephritis. WWG has no sex 
predilection, and it is more prevalent in white individuals. 
WG occurs in a wide age range with a mean age of about 
40 years. 


Three clinical variants of WG have been described; classic, 
limited,and superficial. The classic form of WG affects upper 
and lower respiratory tracts exhibiting rapid disseminated 
necrotizing vasculitis that without treatment progresses 
and may lead to kidney failure and death. The limited 
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variant of WG is also characterized by upper and lower Principal references and suggested further 
respiratory tract lesions but without a fatal renal outcome. reading: 


The superficial variant affects only mucosal or cutaneous 
tissues. Although this variant of WG may also evolve to 
pulmonary or renal involvement or both, it shows a slow 
progression and better prognosis. 


Oral lesions are the initial manifestation in about 6% to 
13% of patients with WG. Alternatively, the oral lesions 
may appear concurrently with or shortly after upper 
respiratory tract, pulmonary, and renal involvement. The 
oral lesions consist of a characteristic focal or generalized 
gingival enlargement with a red granular surface referred to 
as “strawberry gums or strawberry gingivitis”. The gingival 
enlargement usually begins in the interdental papilla and 
eventually produces periodontal destruction and tooth 
loss. WG patients may also present ulcers, especially in 
the palate (by extension from a nasal involvement), poor 
healing of extraction sites, and oral-antral fistulae. 


EG is best treated with the systemic administration of 
prednisone and cyclophosphamide. Intralesional infiltration 
with corticosteroids has been reported to induce a prompt 
resolution of gingival lesions. Early diagnosis and treatment 
of WG greatly improves its prognosis. [herefore, familiarity 
with the oral manifestations of WG is crucial. 


Review Questions: 


Essay Questions: 


|. Describe in detail the malignant lesions of the 
gingiva. 


Short Notes: 
2. What is lichen planus? 
3. Briefly describe pyogenic granuloma. 


4. Write a short note on Wegener’s Granulomatosis. 
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The ongoing tussle between humans and microbes is most 
apparent in a hospital or clinical setup. 


Bernardino Ramazzini, the Father of occupational 
medicine, recognized the _ interrelationship between 
occupation, health, and diseases. In dentistry, the dental 
personnel are exposed to saliva and blood and are prone 
to work-related hazards from accidents involving work, 
material or process. 


A nosocomial infection — also called “hospital acquired 
infection” can be defined as: 


An infection acquired in hospital by a patient who was admitted 
for a reason other than that infection . 


An infection occurring in a patient in a hospital or other health 
care facility, in whom the infection was not present or incubating 
at the time of admission. This includes infections acquired in the 
hospital but appearing after discharge, and also occupational 
infections among staff of the facility. 
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Nosocomial infections may be, 


@ Exogenous, as in cross-infection from another patient 
in hospital, or environmental infection, the source 
being a contaminated item; 


@ Endogenous infection where infection is from the 
self. 


¢ The modes of transmission include, 


@ Aerial transmission: droplets, skin scales or by aerosol 
from equipments; 


¢ Direct or indirect contact; 
@ Environmental source: food, equipment, etc 
@ Blood borne: accidental transmission or inoculation. 


Prevention methodologies remain the same, with emphasis 
on strict sterilization, disinfection, and aseptic techniques 
and if required source isolation and protective isolation for 
the immunocompromised and susceptible. 
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The main objective of all infection control measures 
is to prevent disease transmission. All the policies and 
practices are intended to avert workplace related injuries 
and infections of health care personnel and health care- 
associated infections in patients. 


In a dental care setup, the potential for exposure of dental 
patients and Dental Health Care Personnel (DHCP) to 
pathogens like cytomegalovirus (CMV), Hepatitis B Virus 
(HBV), Hepatitis C Virus (HCV), Herpes Simplex Virus 
types | and 2 (HSV), Human Immunodeficiency Virus 
(HIV), | Mycobacterium tuberculosis, Staphylococci, 
Streptococci, and other species that colonize or infect 
the oral cavity and respiratory tract is immense. 


The transmission may be either through 


@ Direct contact - blood, saliva, other oral and body 
fluids 


@ Indirect contact — through contaminated instruments 
and surfaces 


@ Contact with microorganism contaminated droplets 
of conjunctiva, nasal, or oral mucosa origin (like 
spatter) expelled and propelled by an infected person 
during by coughing, sneezing, or talking 


@ Airborne — through droplets or as aerosolization 
of microorganisms, inhalation of airborne 
microorganisms that can remain suspended in the air 
for long periods 


The chain of infection requires virulent pathogenic organism 
in ample numbers, suitable reservoir/source to facilitate 
pathogen multiplication, transmission pathway from source 
to host, a portal for organism entry and a vulnerable host. 


The aim of infection control policy is to break this chain of 
transmission. This can be achieved by 


@ Immunizations 
@ Hand hygiene 


@ Personal and environmental barrier techniques 


@ Effective cleaning, disinfection, and _ sterilization 
procedures 
@ Aseptic work practices and techniques and 


compliance with written policies and procedures 


This is also seconded by Occupational Safety and Health 
Agency (OSHA). Health Care Personnel (HCP) are more 
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likely to abide by infection-control methods and exposure 
control plan if they can reason out the necessity of strict 
infection control practices. Hence, it is essential to have 
annual employee education and training programs. It is also 
essential to display a written exposure control plan and 
ensure post-exposure follow-up. 


Centre for Disease Control (CDC) “standard precautions”’ 
are designed to reduce risk of transmission and apply to 
blood; to all body fluids, secretions, and excretions except 
sweat, regardless of whether they contain visible blood; to 
non-intact skin; and to mucous membranes. 


Standard precautions amalgamate the elements of universal 
precautions into a standard of care designed to shield HCP 
and patients from pathogens that can be spread by blood 
or any other body fluid, excretion, or secretion. 


“Transmission-based precautions” are required for 
disrupting the transmission of pathogens such as 
tuberculosis, influenza, and chicken pox. These precautions 
extend beyond the standard precautions and may include 
amongst other measures, patient placement (like isolation), 
adequate room ventilation, special respiratory protection 
(like N-95 masks) for DHCP, and postponement of non- 
emergency dental procedures. All efforts should be made 
to ensure exposure prevention. 


TERMINOLOGIES: 


Decontamination: Physical or chemical methods are 
employed to get rid of, inactivate, or eradicate pathogens 
from articles or surfaces so that the surface or item is safe 
for handling, use, or disposal and cannot transmit infectious 
particles. 


Disinfection: Physical or chemical methods are employed 
to destroy pathogenic and other kinds of microorganisms, 
on inanimate objects. It is not as effective as sterilization, 
because it is not sporicidal. Disinfection of objects in clinical 
setup is usually by liquid chemicals or wet pasteurization. 


Disinfectant: It is a chemical agent applied on inanimate 
items like floors, walls, or sinks with an intention of 
destroying virtually all recognized pathogens, but not 
necessarily all microbial forms (e.g., bacterial endospores). 


High-level disinfectants: These disinfectants at similar 
concentrations but with shorter contact duration (e.g., 20 
minutes for 2% glutaraldehyde), will kill all microorganisms 
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but not hugely sporocidal.FDA defines high-level disinfectant 
as a sterilant used for a shorter contact time to achieve a 
6-log!0 kill of an appropriate Mycobacterium species. 


Low-level disinfectants: These can destroy most of 
the vegetative bacteria, few fungi and viruses in a practical 
period of time (<!I0 minutes). 


Intermediate-level disinfectants: These may _ kill 
mycobacteria, vegetative bacteria, most viruses, and fungi 
but are not necessarily sporocidal. 


Chemical sterilants: Is the nomenclature used for a few 
disinfectants that will kill spores with extended exposure 
duration (3—12 hours). 


Germicide: An agent employed to destroy or inactivate 
microorganisms, especially pathogenic organisms in or 
on living tissue like antiseptics or on environmental 
surfaces like disinfectants. Virucide, fungicide, bactericide, 
tuberculocide, and sporicide terms designate agents that 
destroy the prefix defined microorganism. 


Sterilization: Describes a physical or chemical procedure 
employed to destroy or eliminate all microbial life including 
significant numbers of resistant bacterial spores. 


Steam under pressure, dry heat, EtO gas, hydrogen peroxide 
gas plasma, and liquid chemicals are the prime sterilizing 
methods followed in health-care setups. 


Cleaning: Manual or mechanized process employing water 
with detergents or enzymatic products to eliminate visible 
soil like organic and inorganic material from objects and 
surfaces. 


Infection Control Measures and Techniques 


Earle H. Spaulding formulated a practical way of disinfecting 
and sterilizating patient-care equipments by classifying 
them into critical, semicritical, and noncritical based on 
their extent and possibility of spread of infection. 


Critical Items 


These equipments have a high risk of infection, if they are 
contaminated with microbes. The items in this category 
should either be procured as sterile or steam sterilized. 


The American Dental Association classification of critical 
dental devices include that surgical and other apparatus 
that usually pierce soft tissue or bone like extraction 
forceps, scalpel blades, bone chisels, periodontal scalers, 
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and surgical burs. These should be sterilized after every 
use or discarded. 


Germicides categorized as chemical sterilants include 
@ >2.4% glutaraldehyde-based formulations, 

0.95% glutaraldehyde with |.64% phenol/phenate, 

7.5% stabilized hydrogen peroxide, 


4 
4 
@ 7.35% hydrogen peroxide with 0.23% peracetic acid, 
4 


0.2% peracetic acid and 


@ 0.08% peracetic acid with |.0% hydrogen peroxide. 


Sterilization rendered by liquid chemical sterilants is 
adequate only when instruments are cleaned prior and when 
appropriate concentration, contact time, temperature, and 
pH of solutions are maintained. 


Heat-sensitive objects can be treated with EtO, hydrogen 
peroxide gas plasma; or if other methods are unsuitable, by 
liquid chemical sterilants. 


Semi-critical Items 


Semi-critical instruments contact mucous membranes 
or non-intact skin. It includes instruments like amalgam 
condensers, and air and water syringes could come in 
contact but oral tissues but do not penetrate oral soft 
tissues or bone. 


Sterilization of these instruments is advocated after each 
use if they are heat-tolerant. If it is heat—sensitive, then at 
least high-level disinfectant should be used. 


Handpieces can become polluted internally with patient 
matter and should be heat sterilized, barring which they 
should not be used. 


For sterilizing heat-stable critical or semi-critical dental 
items, autoclaving, chemical (formaldehyde) vapor, and dry 
heat can be employed. 


Non-Critical Items: 


Noncritical items are those that contact the intact skin 
but not mucous membranes and are divided into clinical 
contact and housekeeping surfaces by CDC. Those 
surfaces such as light handles, switches, and dental X-ray 
equipment, chair-side computers that commonly come 
in contact with gloved yet contaminated hands or those 
that can become infected with blood or other infectious 
material are grouped under clinical contact surfaces. 
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Barrier protective sheathing can be used, and these should 
be changed when they become obviously dirty or damaged 
and routinely between patients. If these equipments are 
not barrier protected, then they should be disinfected with 
intermediate-disinfectant or low-level disinfectant. 


It is usually sufficient to clean most of the housekeeping 
surfaces with a detergent and water or an EPA-registered 
hospital disinfectant. 


lf these surfaces were to become contaminated with blood 
or body substances, then prompt removal and surface 
disinfection should be should be initiated, as per OSHA 
directive. 


Cleaning: 


Cleaning is the basic and pre-requisite step in infection 
control. The efficiency of disinfection and sterilization 
procedures is dependent on prior cleaning of the object. 
The other factors include, 


¢ Amount of organic and inorganic debris, 
Nature and amount of microbes present, 
The architecture of the object like crevices, lumens; 


Existence of biofilm, 
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Germicide concentration and duration of exposure 
to germicide, disinfection procedures, temperature, 
and pH. 


Cleaning to dislodge debris is normally achieved utilizing 
water with detergents or enzymatic products. Cleaning can 
be done either 


@ Manually, where mechanized instruments are 
not available or for fragile or difficult-to-clean 
instruments. 


Manual cleaning utilizes friction by scrubbing the 
soiled area with brush and fluidics, i.e., fluids under 
pressure to get rid of soil and debris from internal 
channels after brushing or 


@ Mechanically through ultrasonic cleaners, washer- 
decontaminators, washer-disinfectors, and washer- 
sterilizers. 


Ultrasonic cleaning uses waves of acoustic energy, 
which in aqueous solutions upset the bonds between 
particulate matter and surfaces. 


Washer-sterilizers are a variant of steam sterilizers 
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that use water, detergent and steam to provide 
agitation. 


Washer-decontaminators/disinfectors like 
dishwashers make use of a combination of water 
circulation and detergents to remove soil. 


Disinfection and Sterilization 


DISINFECTION 
Chemical disinfectants: 


Chemical disinfectants mainly used in health care settings 
include alcohols, chlorine and chlorine compounds, 
formaldehyde, glutaraldehyde, = ortho-phthalaldehyde, 
hydrogen peroxide, iodophors, peracetic acid, phenolics, 
and quaternary ammonium compound. It needs to 
be emphasized that disinfectants have to be used in 
appropriate concentrations and should not be interchanged 
or substituted. 


Occupational hazards like asthma and reactive airway 
disease have been noted in with certain disinfectants 
like formaldehyde, glutaraldehyde, and chlorine products. 
Hence, protection with gloves and proper ventilation has 
been advocated. 


Alcohol 


Commonly used alcohols in health care setup - ethyl 
alcohol and isopropyl alcohol are mostly bactericidal 
against vegetative forms of bacteria and are tuberculocidal, 
fungicidal, and virucidal but not sporocidal. They disrupt 
lipid membranes and denature proteins. 


Most advantageous bactericidal concentration is 60%—90% 
solutions in water, while the cidal property declines when 
diluted below 50% concentration. 


Ethyl alcohol, a powerful virucidal at concentrations of 
60%-80%, inactivates all lipophilic viruses (e.g., herpes, 
vaccinia, and influenza virus) and many hydrophilic viruses 
(e.g.,adenovirus, enterovirus, rhinovirus,and rotaviruses but 
not is not successful against hepatitis A virus or poliovirus. 


Alcohols are not advocated for sterilizing medical and 
surgical materials. 


Halogens: 


Halogen compounds like iodine or chlorine are effectual 
disinfectants. 
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lodine compounds: 


lodine, an oxidant, is most potent at a pH of 6 is used 
for disinfecting skin or mucous membrane before surgical 
procedures. lodine reacts irreversibly with some amino 
acids. 


lodine can be used by dissolving in alcohol as tincture or 
amalgamated with detergent as iodophor or coalesced 
with polyvinyl pyrrolidone as povidone iodine. 


Chlorine and Chlorine Compounds: 


The most widely used chlorine disinfectants, the 
hypochlorites, is present as liquid, e.g., generally used as a 5% 
sodium hypochlorite or solid. e.g., calcium hypochlorite. 


Although the exact mechanism of action of chlorine has 
not been described it is believed that its strong oxidizing 
property is effective against vegetative bacteria and viruses, 
with organic matter and alkaline detergents diminishing 
their efficacy. 


This household bleach can cause eye irritation or 
oropharyngeal, esophageal, and gastric burns. Hypochlorites 
can corrode metals in concentrations greater than 500 
ppm and bleach fabrics. 


However, they are low-cost, rapidly acting, and eliminate 
dried or fixed organism and biofilms from surfaces. 


Demand-release chlorine dioxide, sodium  dichloro- 
isocyanurate, and chloramine-T are the other substances 
that release chlorine, with added benefit of longer duration 
of bactericidal action. 


Aldehydes: 


Formaldehyde functions as a disinfectant and sterilant in its 
liquid and gaseous forms. Formalin is an aqueous solution 
of formaldehyde and is bactericide, tuberculocide, fungicide, 
virucide and sporicide. Formaldehyde acts by alkylating the 
amino and sulfhydral groups of proteins and ring nitrogen 
atoms of purine bases. 


Glutaraldehyde, a saturated dialdehyde is commonly used 
as a high-level disinfectant and chemical sterilant. It is 
toxic and expensive. It does not corrode metal and also 
does not damage lensed instruments, rubber or plastics. 
lt attains optimal activity at pH 7.5—-8.5 which is attained 
by “activation” with sodium hydroxide/bicarbonate. It acts 
by alkylating and denaturing proteins and has spectrum of 
action against most bacteria and viruses, and some against 
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spores. Exposure to glutaraldehyde >2% for minimum 20 
minutes reliably destroys Mycobacteria and other vegetative 
bacteria. 


Both the aldehydes can cause respiratory symptoms and 
dermatitis on long-term exposure. 


Oxidizing agents: 


Hydrogen peroxide (3%) and potassium permanganate (17%) 
produce destructive free radicals that can attack membrane 
lipids, DNA, and other essential cell components oxidize 
proteins and other cellular constituents and generate free 
radicals. 


Hydrogen peroxide, a germicidal is effective against a many 
microorganisms, including bacteria, yeasts, fungi, viruses, 
and spores. 


Peracetic Acid 


Peracetic or peroxy-acetic acid is a rapidly acting 
disinfectant against all microorganisms. In the absence of 
organic matter will deactivate gram-positive and gram- 
negative bacteria, fungi, and yeasts in a span of <5 minutes 
at <100 ppm. It acts by denaturing proteins, disturbing cell 
wall permeability, and oxidizing sulfhydryl and sulfur bonds 
in proteins, enzymes, and other metabolites. 


Although it lacks the detrimental disintegration products, it 
is considered unstable, especially when diluted. 


A mechanized sterilizing instrument using peracetic acid 
with micro-processor and temperature control is used to 
sterilize dental instruments. 


Physical Disinfectants 
Filtration: 


This technique is helpful for liquids, with pore sizes ranging 
from 0.22—-0.45 wm being effective in removing most 
bacteria and fungi. 


However it is ineffective in getting rid of viruses, mycoplasma, 
and some small bacteria. 


Ultraviolet (UV) light: 


UV light is generated by mercury vapor lamps. It is most 
effectual at the wavelength of 260nm since it is absorbed 
by nucleic acids in that wavelength and has a cidal effect. 


It’s poor penetrating property is its greatest disadvantage. 
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LASER light: 


LASERS like Nd: YAG, Er: YAG, Er, Cr: YSGG, diode, and KTP 
have been employed in photo-thermal disinfection of root 
canals, carious lesions, and periodontal pockets. 


Photo-activated disinfection (PAD) involves photosensitizing 
bacteria using tolonium chloride, toluidine blue or 
aluminum disulfonated phthalocyanine, and exposing them 
to low power lasers such as helium/neon or Gallium: 
Aluminum:Arsenide lasers. 


Ultrasound and sound: 


Ultrasound waves can destroy microorganisms. When 
sound waves are used in liquids, they cause cavities which 
collapse and thus upset cell structure. However, the long- 
term effect of this technology on the humans is yet to be 
elucidated. 


STERILIZATION 


Sterilization of devices like surgical instruments, biopsy 
forceps, implanted medical devices and others that contact 
sterile body tissues is of paramount importance. Steam 
sterilization is time tested, consistent and effective method 
of sterilizing heat resistant instruments. 


HEAT 


This method by virtue of denaturation of proteins and 
causing a break in cell membrane lipids and damaging DNA 
acts as a Sterilizing agent. 


Steam Sterilization (Autoclave): 


An autoclave uses moist heat as in saturated steam under 
pressure and is the most reputable and regularly used, non- 
hazardous, economical and swift microbicidal and sporicidal 
method of sterilization. Moist heat destroys microorganisms 
by the irreversible coagulation and denaturation of enzymes 
and structural proteins 


The two basic types of autoclaves are the gravity 
displacement autoclave and the high-speed pre-vacuum 
sterilizer. The fundamental principle is to expose the item 
to direct steam contact at recommended time, temperature 
and pressure. Sterilization is accomplished by 
heating steam to 12I—132°C by applying a pressure of 
15 Ib/in?, for minimum |5 minutes. 


However, it carries the disadvantage of corrosion, 
combustion of lubricants associated with dental hand pieces, 
paper, and other non-wettables cannot be autoclaved. 
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For wrapped healthcare 30 minutes at 121°C in a gravity 
displacement sterilizer or 4 minutes at 132°C in a pre- 
vacuum sterilizer is recommended. Flash sterilization at 
higher temperatures of 273° F (134° C) for 10 minutes and 
30 psi is also agreed upon method but is not recommended 
for implantable devices. 


It is important to ensure that no air pockets remain in the 
autoclave chamber nor should the sterilizer be overpacked, 
as these prevent penetration of the steam. 


Temperature measurements using thermocouple, pressure 
using pressure gauges help in achieving ideal sterilization 
cycle.Autoclave tape is valuable to differentiate autoclaved 
from non-autoclaved items. 


Debate exists for use of spores of Geobacillus 
stearothermophilus (formerly Bacillus stearothermophilus) as 
routine biological indicator for confirmation. The Bowie- 
Dick test monitors can be used especially to detect air 
leaks and inadequate air removal. 


Instruments should be dried before removing from sterilizer, 
as wet wraps may tear leading to microbial contamination. 


To prevent instrument corrosion, the chemical vapor 
sterilizer chemiclave which employs a solution of 72% 
ethanol and 0.23% formaldehyde instead of water at 270° 
F (132° C) at 20 psi for 20 minutes, including drying time 
is also available. 





Fig. 76.1 Autoclave 
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Dry-Heat Sterilizers: 


This technique should be employed only for those materials 
that get damaged by moist heat or in those that moist heat 
cannot penetrate like petroleum products, powder, etc. 


The two types of dry-heat sterilizers are the static-air type 
and the forced-air type. Hot air sterilizers commonly use - 
170°C (340°F) for 60 minutes, 160°C (320°F) for 120 min, 
and 150°C (300°F) for 150 minutes sterilization cycles. 


These sterilizers are nontoxic, noncorrosive, easy to install, 
less expensive and environment-friendly. 


Since the rate of heat penetration is slow to achieve 
sterilization, B. atrophaeus spores are used to scrutinize the 
sterilization process since they are more resistant to dry 
heat than are G. stearothermophilus spores. 


CHEMICAL STERILANTS: 


Ethylene Oxide “Gas” Sterilization: 


This low-temperature sterilization technique uses ethylene 
oxide (ETO) which is an alkylating, colorless and inflammable 
gas. It consists of five stages (i.e., preconditioning and 
humidification, gas introduction, exposure, evacuation, and 
air washes) and takes approximately 150 minutes excluding 
aeration time. 


Effectiveness is influenced by concentration of gas (450 to 
1200 mg/l); temperature (37 - 63°C); relative humidity (40 
- 80); and exposure duration (| - 6 hours). 


It can be employed to sterilize moisture-sensitive items 
like wrapped surgical materials, sponges, and plastics that 
cannot be heat sterilized. 


ETO is absorbed by many materials and hence sterilized 
material should be aerated to permit residual ETO to 
evaporate and not handled for at least 24 hours. 


Exposure can cause blurred vision and ocular pain, sore 
throat, blisters, dyspnea, vomiting and coughing breathing. B. 
atrophaeus spores are used to monitor ETO sterilization. 


Hydrogen Peroxide Gas Plasma: 


Gas plasmas are indicated as the fourth state of matter. 
Under influence of Radio-frequency energy, hydrogen 
peroxide gas plasma acts by generating free radicals within 
the plasma field which act by disrupting microorganism 
cellular components and renders them inactive. 
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This technique can be used for high-temperature sensitive 
instruments and corrosion-susceptible metal alloys. It can 
act against wide range of microorganisms including resistant 
bacterial spores. 


Liquid Chemicals: 


Ortho-phthalaldehyde, hydrogen peroxide, glutaraldehyde, 
Peracetic Acid/Hydrogen Peroxide are amongst the many 
FDA-approved liquid chemical sterilants, with a spectrum 
of contact time varying between 3 — |2 hours. 


Other methods: 
lonizing Radiation: 


X-rays or y-rays with wavelength less than 200 nm disrupt 
chemical bonds, ionize molecules and cause DNA damage 
through free radicals. 


It is most suitable for large scale sterilization because 
of the exorbitant costs involved. This low-temperature 
sterilization method has been found helpful for quite some 
medical devices. 


Microwave: 


It has been used for disinfection of dental instruments 
and dentures. Both thermal and non-thermal effects have 
been proposed for the lethality of microwaves. However, 
this method can be used only with microwave compatible 
products. 


Glass Bead Sterilizer: 


This utilizes glass beads of |.2-1.5 mm diameter and high 
temperature (217°C -232°C) for about 45 seconds. 


Instead of glass beads, salt was also used to dry heat 
instruments. Owing to potential failure to sterilize and kill 
spores these sterilizers are no longer approved for use. 


Ozone: 


The third oxygen atom in ozone is loosely bound and has 
the potential to oxidize and thus destroy microorganism. 


Other infection control measures: 
Hand Hygiene: 


With increasing healthcare associated infections (HCAIs) 
and multi-drug resistant (MDR) pathogen infections, HCP 
are reverting to simple yet essential scientifically backed 
protocol of hand hygiene. 
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Hands harbor two types of microbes: the resident flora, 
under the superficial cells of the stratum corneum and the 
transient flora, virtue of inhabiting the superficial skin layers 
is more easily removed by routine hand hygiene. 


Religiously observing hand hygiene practices like hand 
washing, hand antisepsis, or surgical hand antisepsis largely 
reduces potential pathogens on the hands and risk of cross- 
transmission of infection. 


Hand antisepsis during routine dental examinations and 
non-surgical procedures can be achieved by washing hands 
thoroughly either with plain or antimicrobial soap and 
water. 


When hands are not noticeably dirty, then an alcohol- 
based hand rub will suffice since these rubs are rapidly 
germicidal when applied to the skin. Using an alcohol-based 
hand rub consumes less time, more effectual and is a lesser 
skin irritant than conventional use of soap and water. It 
should be noted that these rubs should contain antiseptics 
as chlorhexidine, quaternary ammonium compounds, 
octenidine, or triclosan to attain continual activity. 


Chronic irritant contact dermatitis can occur in DHCP 
upon using soaps and antiseptic agents regularly thus causing 
a break in intact skin, which can result in colonization by 
staphylococci and gram-negative bacteria. Petroleum based 
lotions used to soothe this condition can weaken latex 
gloves and increase permeability. 


It is advisable to keep fingernails short so that they do 
not harbor microbial flora and also to prevent tearing of 
gloves. 


Additionally, artificial fingernails have been associated with 
infection outbreaks in hospital ICU. 


Chipped nail polishes and finger rings aid in bacterial 
colonization and contribute to spread of infection. 


Personal Protective Equipment (PPE): 


Majority of accidental exposures are avoidable by strict 
adherence to standard precautions, using PPE like gloves, 
masks, protective eyewear or face shield, and gowns, use of 
shielding equipment like finger guards while suturing and 
disposing sharp items in puncture-resistant containers. 


Surgical mask that offer adequate nose and mouth coverage, 
protective eyewear or face shields should be worn by 
DHCP to protect from splashes, aerosols and sprays, along 
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with gowns having sleeves to extending till the forearms 
and lab coats. 


Protective eyewear for patients is also advised. All PPE 
should be removed before exiting work arena. 





Fig. 76.2 A clinician in PPE 


Gloves and Gloving: 


It should be emphasized that gloving is not an alternative 
to hand washing. Hand washing should precede gloving. 


Alcohol rub should be allowed to dry before gloving, to 
prevent glove perforation. Washing gloves with soap, 
chlorhexidine, or alcohol can lead to wicking and glove 
damage. 
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Fig. 76.3 Glove box holder for easier dispensation of gloves. 


Management of Equipment and Surfaces in 
Dentistry: 


Critical dental instruments are those like blades, forceps, 
and periodontal scalers, etc that penetrate soft tissue or 
bone. These should be sterilized every time after usage. 


Semi-critical instruments like amalgam condensers, air- 
water syringes which are not intended to penetrate oral 
soft tissues should also be sterilized if not heat sensitive. If 
it is, then high-level disinfectant should be employed. 


Infection Control 


Non-critical clinical contact surfaces like switches, light 
handles, etc. should be barrier protected or disinfected 
between patients with an intermediate EPA-registered 
hospital disinfectant with a tuberculocidal claim or low- 
level EPA-registered hospital disinfectant with HIV and HBV 
claim disinfectant. It is advisable to change barrier protective 
coverings preferably between patients. It is important to 
include door and drawer pulls in the disinfection schedule 
or use barriers. 


Dental assistants should wash their hands after disinfection 
procedures and reglove before continuing with barrier 
placement and opening of sterile packs. 


Manufacturer’s instructions for cleaning, lubrication, and 
sterilization of handpieces and other intraoral instruments 
that can be removed from the air and water lines of dental 
units should be followed. 


To flush out any patient matter that might have entered 
the turbine, air and waterlines, it is advised to expel water 
and air for minimum of 20-30 seconds from any device 
e.g., handpieces, ultrasonic scalers, and air/water syringes 
that are linked to the dental water system that enters the 
patient’s oral cavity. 


During conventional dental radiography, mainly saliva from 
films or gloves can contaminate the developing area as well. 
To prevent these, personnel should disinfect conventional 
films and deglove prior to exiting the treatment room, 
followed by hand washing and regloving before restarting 
the treatment. It is preferable to use barrier-protected 
film/ digital sensors and disposable containers. Barrier 
protection should also be applied to all parts of the 
radiographic apparatus. 


Self-sheathing anesthetic needles and dental units which 
protect personnel from injuries due to burs in handpieces 
may reduce percutaneous injuries. 


When adequate equipment and instrument related 
protection measures are not available DHCP should 
practice safe behaviors like one-hand needle recapping 
and avoid cheek retraction using fingers while using sharp 
instruments or suturing, in addition to personal protective 
equipment (PPE) like protective eyewear, gloves, and mask. 


Standard infection control procedures like hand washing as 
a stand-alone measure may not be efficient. Medical masks 
are intended to reduce transfer of potentially infectious 
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body fluids between individuals. N95 respirator provides 
significantly better protection against clinical respiratory 
infection than medical masks in DHCP. 


Along with the recognized percutaneous’ and 
mucocutaneous transmission modalities patients to 
DHCP and vice-versa disease transmission can occur 
through droplet route also. 


Dental treatments generate particulate and _ fluid 
material, especially aerosols containing blood and saliva. 
These airborne materials settle on various surfaces and 
contaminate them, with quite a few pathogens having the 
potential to survive for long duration. The smallest of these 
droplets can find their way into pulmonary alveoli and thus 
be a potent source of infection. 


Bacteria in the dental unit water lines form a tenacious, 
adherent, highly resistant biofilm. Evacuation system used 
in dental setup comprises of mouthpiece/disposable saliva 
ejector, plastic tubing and a filter. Tubing and filters are 
generally untreated and can thus be contaminated with 
microorganisms from multiple patients. Dental suction 
systems by helping the growth of biofilms act as an 
environmental reservoir of pathogens and can be a cause of 
nosocomial infection and a source of a retrograde spread 
of bacteria. 


Many procedures in the dental clinic like aerator and hand 
piece use, material mixing, trimming of models etc leads to 
generation of particulate matter, well above the approved 
concentration. Hence, it is pertinent that workers adopt 
a policy encompassing preventive measures and strict 
sterilization to tackle the risk of occupational hazard and 
cross contamination. 


Natural or mechanical ventilation during non-working 
hours should be employed to refurbish the clinic indoor 
air so as to avert the occupants from inhaling high pollutant 
concentrations. 


Amalgamation of biocide disinfectants and anti-retraction 
valves eliminate contamination of the water lines. Proper 
segregation of dental wastes followed by their disposal 
according to medical waste regulations is equally important 
to ensure good infection control. 


Prions are infectious, anucleate transmissible isoforms of a 
normal protein that are capable of self propagation. Upon 
accumulating in the central nervous system of humans and 
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animals, they can induce microscopic vacuolization of the 
brain tissue called spongiform degeneration and can lead 
to fatal Transmissible Spongiform Encephalopathies (TSEs) 
including kuru, Creutzfeldt-Jakob disease (CJD), and variant 
CJD (vCjD). 


Although, at present there are no proof linking dental 
procedures and prions, it always is pertinent to be careful 
because prions are strongly resistant to physical and 
chemical sterilization. Disinfectants like chlorine, guanidine 
thiocyanate and sodium hydroxide can lessen the infectivity. 
121—132°C for 60 minutes or longer sterilization is useful. It 
has been recommended to autoclave at 134—138°C for 18 
minutes or in six three-minute cycles followed by immersing 
in sodium hydroxide (2M) or sodium hypochlorite (20,000 
ppm). However, when treating an unknown prion infected 
patient, it is preferable to use a disposable instrument, 
which should be later incinerated. 


To ensure biosafety, the dental clinics must adopt a protocol 
and audit system to ensure effective infection control. A 
thorough medical history of the patient goes a long way in 
ensuring infection control. 





Fig. 76.4 Container for disposal of sharp items 


The dentists and auxiliary staff should be educated and 
regularly updated about safe work practices, cleaning 
disinfection and sterilization of instruments and surfaces, 
implementing barrier protection, the safe handling and 
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disposal of contaminated sharps and other hazardous 
and non-hazardous materials to ensure an accident free 
environment, proper use of personal protective equipment 
and along with necessary immunization practices. 


Threat of acquiring or transmitting hepatitis B, influenza, 
measles, mumps, rubella, and varicella is particularly high 
in HCP. Fortunately, all of these can be prevented by 
vaccination. For other conditions like patients with HIV/ 
AIDS, patients with infectious TB specific precautions need 
to be ensured. Dental personnel should be immunized 
against hepatitis B, measles-mumps-rubella, varicella-zoster, 
polio, diphtheria-tetanus-pertussis and influenza, with 
some countries also recommending BCG vaccine against 
tuberculosis. 


DHCP should also be aware of post exposure prophylaxis 
(PEP). The risk of transmission of HBV following a needle 
stick exposure from an infected source is 6-30%, while it 
is 3-10% for HCV. Hepatitis B Virus (HBV) a occupational 
risk is transmitted by means of percutaneous or mucosal 
exposure to blood or body fluids of a person who is either 
in an acute or chronic phase of HBV infection. As long as 
the person is HBsAg-positive HBV can be transmitted. 
HBV has been demonstrated to survive in dried blood at 
room temperature on environmental surfaces for <I week. 
Hepatitis B vaccine, which provides long-term protection 
against HBV infection, is recommended for pre-exposure 
and post-exposure prophylaxis, with additional care 
needed for non-responders. For unvaccinated persons, 
both hepatitis B immune globulin and hepatitis B vaccine 
should be given preferably within 24 hours. 


Although research is underway, currently there is no PEP 
for occupational HCV exposure. 


PEP to prevent HIV infection should be initiated as early 
as possible following exposure but within 72 hours of 
the potential exposure and continued for 28 days. CDC 
2011 regulations favor a regimen containing three (or 
more) antiretroviral drugs for example; consisting of a dual 
nucleoside reverse transcriptase inhibitor backbone plus 
an integrase strand transfer inhibitor, a protease inhibitor 
(boosted with ritonavir), or a non-nucleoside reverse 
transcriptase inhibitor. Saliva gets contaminated with blood 
during dental procedures. 


So even at times when blood is not discernable, it may still 
exist. Thus, saliva can be a potentially infectious material. 
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On percutaneous/ cutaneous exposure, encourage bleeding 
and wash with soap and water, while mucous membranes 
should be flushed with water and eyes irrigated with clean 
water or saline or sterile irrigants. It is advised to cleanse 
the injured skin with soap and water, chlorhexidine or 
antiseptic liquids such as 10% povidone-iodine or /0% 
alcohol and not to squeeze or broaden the lesion. 


Irritants like caustic agents, hypochlorite and hydrogen 
peroxide or the injection of antiseptics or disinfectants are 
to be avoided since they can deteriorate the wound and 
facilitate infection. 
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Chapter Outline: 


Definitions and terminology. Indications: 


Indications of conscious sedation. 
Applications of conscious sedation: 
¢ Sedation scale (Ramsay et al.) 

¢ Aldrete and Kroulik Score — 


Conscious sedation is defined as “A technique in 
which the use of a drug or drugs produces a state of 
depression of the central nervous system enabling 
treatment to be carried out but during which verbal 
contact with the patient is maintained throughout 
the period of sedation”.The drugs and techniques used 
to provide conscious sedation for dental treatment 
should carry a margin of safety wide enough to 
render unintended loss of consciousness unlikely. 


The level of sedation must be such that the patient 
remains conscious, retains protective reflexes, and is 
able to understand and to respond to verbal commands. 
(General Dental Council, 1997-98).This definition is 
accepted by the National Dental Advisory Committee, 
General Dental Council, Standing Dental Advisory 
Committee and the Dental Sedation Teachers Group. 


Conscious sedation is defined as controlled state of 
low consciousness that conserves protective and 
unconditioned reflexes, permits continuance of a 
patient’s airway impartially and allows the patient 
to communicate appropriately to physical and 
verbal stimuli. (Kauffman et al., 1992) 


This definition of conscious sedation describes the state of 
sedation and does not attempt to prescribe how that state 
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Routes of administration: 


Nitrous oxide: 
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Conclusion: 


Principal references and suggested 
further reading: 


Complications: 


Contraindications: 


is achieved. There are a number of techniques through 
with one or more drugs can be administered via different 
routes. Whatever the sedation method, the fundamental 
point is that the patient remains conscious and is able 
to both understand and respond to verbal commands in 
their normal, pre-sedated state during the entire sedation 
treatment session. 


Any technique that results in loss of consciousness is 
defined as general anesthesia, and the term “deep sedation” 
is considered within this category. 


¢ Intravenous sedation is also known as deep 
conscious sedation. However, amnesia is a major 
issue faced with this type. 


¢ Enteral Conscious sedation - __ orally 
administered sedation called Sedation dentistry in which 
the patient will often fall asleep and done with 
benzodiazepines. 


The General Dental Council and the Royal College 
of Anesthetists encourage the use of conscious sedation as 
a safe alternative to general anesthesia for provision of 
dental care. If administered by properly trained 
professionals, intravenous moderate sedation is a safe 
adjunct for dental procedures. 
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Indication of Conscious Sedation 


Medical 
conditions 
affecting the 
patient's 
ability to 
cooperate 


Medical 
conditions 
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by stress. 


Prolonged or 
traumatic 
dental 
procedures. 


Special 
needs 


Fig 77.1: Indications of conscious sedation 


The goals of conscious sedation include: 
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Promote patient welfare, safety, and well-being 
Facilitate provision of quality care 
Provide adequate level/degree of sedation 


Sustain a stable cardiovascular and_ respiratory 
status 


Decrease pain, uneasiness, fear, and anxiety 
Minimize the extremes of disruptive behavior 
Minimize psychological trauma 

Maximize amnesia 

Increase movement control 

Curtail adverse drug-related events 


Promote a positive psychological 
treatment. 


response to 


Return the patient to a physiological state in which 
safe discharge is possible. 


Facilities needed to perform conscious 
sedation include: 
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An operating table, trolley or chair that can be readily 
tilted. 


Adequate uncluttered floor space to perform 
resuscitation 
Adequate suction and room lighting 


Portable emergency oxygen supply and suitable 
devices to administer oxygen to a spontaneously 
breathing patient. 


A self-inflating bag for artificial ventilation and other 
equipment for advanced airway management. 
Appropriate drugs for cardio-pulmonary resuscitation 
— Adrenaline, Atropine, 50% dextrose, Lignocaine, 
Naloxone, Flumazenil 


Range of intravenous equipment 
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¢ A pulse oximeter 
@ Ready access to a defibrillator. 
Patient assessment and preparation: 


@ Comprehensive medical and dental history before the 


decision to do treatment under conscious sedation. 
Mallampati et al classification system for evaluation: 


<> Class | — full visibility of tonsils, uvula, and soft 
palate 


< Class 2 — visibility of hard and soft palate, upper 
portion of tonsils and uvula 


<> Class 3 — soft and hard palate and base of uvula 
are visible 


<> Class 4- only hard palate visible 


Fitness for conscious sedation — ASA Classification 

from Hosey et al. 

<> Class |— No organic, physiological, biochemical or 
psychiatric disturbance 


<> Class Il - Mild to moderate systemic disturbance 


e.g. mild diabetes, moderate anemia, well- 
controlled asthma 
<> Class Ill — Severe systemic disease e.g. severe 


diabetes with vascular complications, severe 
pulmonary insufficiency 


<> Class IV — severe systemic disorders that are 
already life-threatening e.g. signs of cardiac 
insufficiency 


<> Class V — the moribund patient who has little 
chance of survival without operative intention 
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<> Medical consultations are ordered when necessary 
for ASA class Il patients, and it is mandatory for 
ASA class Ill patients. Class IV and V patients are 
not treated usually. 


@ Behavioral codes are given to assess the behavior of 
a pediatric patient. 


<> The undesirable behaviors include foot movement, 
torso movement, head movement and crying. 


Q — Quiet — patient quiet and/or asleep with 
only extraneous, inconsequential movements 


A — Annoyed — Patient-cooperative allowing 
treatment to proceed easily, but with one or 
two of the undesirable behaviors present 


U — Upset — patient noticeably disturbed, with 
two or three undesirable behaviors present, 
making treatment difficult but possible 


Z — Zoo — patient extremely defiant with 
presence of foot movement, torso movement, 
head movement and crying to the extent that 
treatment was extremely difficult. 


<~ OhioState University Behavior Rating Scale 
(OSUBRS) for rating child’s behavior include 


Quiet behavior, no movement 
Crying with no struggling 


Struggling movement (rapid and intense head 
or foot movement / sustained posturing 
against the restraint) without crying 


Struggling with crying. 


@ Temperament can be regarded as the individual’s 
behavioral style or manner of interaction with the 
environment. 


<> Thomas & Chess have identified 9 temperament 
categories that describe the manner in which a 
child behaves, 


Activity level — motor component of child’s 
functioning including active and_ inactive 
periods 


Biological rhythmicity — predictability of 
child’s functioning such as sleep, hunger, and 
elimination 


Adaptability — relative ease or difficulty in 
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negotiating an effective response to new 
situations 


e Initial approach/ withdrawal — nature of initial 
response to novelstimulus such as new food, 
toy, person or situation. 


e Threshold of responsiveness — level of 
stimulation required to evoke a discernible 
response 

e Intensity of reaction — the energy level 
of response, irrespective of its quality or 
direction 


e Attention span and persistence — length of 
time an activity is pursued and the capacity to 
continue despite obstacles. 


e Quality of mood — amount of pleasant, joyful 
and friendly behavior compared to unpleasant 
and unfriendly behavior 


e Distractibility — degree to which extraneous 
environmental stimuli can interfere with 
ongoing behavior. 


<> Clinically relevant temperament constellations 
include 


e Difficult - The combination of biological 
irregularity, withdrawal tendencies to 
the new, slow adaptability, and frequent 
negativeemotional reactions of high intensity 


e Easy —the combination of biological regularity, 
approach tendencies to the new, quick 
adaptability to change and predominantly 
positive mood. 


e Slow to warm up -— characterized by 
withdrawal tendencies to the new, slow 
adaptability, frequent negative emotional 
reactions of low intensity — often labeled shy. 


@ Informed consent for the course of dental treatment 
under conscious sedation from each patient/parent/ 
guardian and the child, prior to the appointment. 


@¢ Complete explanation of the sedation technique 
proposed and alternate modes of pain and anxiety 
control should be given. 


@ The preoperative and postoperative instructions 
should be clear and comprehensive. It should be given 
in advance of the procedure. 


Periodontics & Oral Implantology ) 


\ Associated Topics in Periodontology 


@ The patient should be accompanied by a responsible 
adult to and from the treatment facility 


@ A sedated patient/child should be attended by a 
suitably qualified member of the dental team 


@ Seditionist should always be accompanied by another 
staff member. 


@ A light meal to be consumed 2 hours prior to 
appointment or fasting — no solid food within 6 hours, 
no milk within 4 hours and no clear fluid within 2 
hours. 


Applications of conscious sedation: 


It is described as a standard technique for Pediatric 
dentistry and a successful procedure in 90% of adequately 
selected patients. 


Ifa dentist assumes the role of seditionist and the operator, 
he must have mandatory postgraduate education, training 
and experience of the procedure, assistance of a second 
appropriately trained person who should be present 
throughout the procedure, capable of monitoring the 
patient and assist when complications arise. 


When administered by properly trained professionals, 
intravenous moderate sedation is a safe adjunct for dental 
procedures. 


Sedation scale (Ramsay et al.) 


During administration of sedatives, sedation levels are 
assessed with the following scale. 


@ Level | — patient anxious, agitated and/or restless 

@ Level 2 — patient cooperative, oriented and tranquil 
@ Level 3 — patient responds to commands only 
4 


Level 4 — brisk patient response to light glabellar tap 
or auditory stimulus 


@ Level 5 — sluggish patients response to light glabellar 
tap or auditory stimulus 


@ Level 6 — no patient response to light glabellar tap or 
auditory stimulus 


Once +3 sedation levels are attained, local anesthesia could 
be administered intraorally, and surgical procedures can be 
done. During the surgical procedure, +3 sedation levels 
should be maintained. 
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Aldrete and Kroulik Score — 


Patient should have a combined score of 8 or more before 
dismissal 


@ 0 — cannot move — hypoxia or apnea - > 50mm 
Hg from baseline systolic — Cyanotic color — not 
arousable 


@ | —can move two extremities — dyspnea - 20 —- 50mm 
Hg from baseline systolic — Pale color — Arousable 


@ 2-— can move all extremities — can take deep breath 
and cough - <20mm Hg from baseline systolic — Pink 
color — Fully awake 


Indications: 


@ Patients with low to moderate apprehensive behavior, 
capable of understanding and following simple 
instructions. 


@ Patient is aged 4 or over based on its cooperation 
with the basic behavior techniques. 


@ Patients with severe vomiting reflex that makes 
conventional treatment impossible. 


@ Patients who need more sitting time due to complex 
or multiple treatments. 


@ Invasive diagnostic procedures. 
@ Minor surgeries. 


@ Patients with severe dental anxiety or phobic patients, 
to minimize the physiological and psychological stress 
of treatment. 


@ Patients undergoing complex or unpleasant 
procedures like third molar extractions’ or 
extirpation of acutely inflamed dental pulp. 


@ Patients with medical conditions potentially aggravated 
by stress 


@ Patients whose medical status affect their ability to 
cooperate — with special needs or marked gag reflex. 


@ To avoid general anesthesia in patients with long term 
dental phobia 
Routes of administration: 


A range of techniques are available to produce the defined 
conscious sedation state. There is no “one size fits all” 
sedation technique to be applied for all patients. 
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The ideal sedation drug should be easy to administer, rapid 
onset, effective analgesia,adequate immobilization, minimum 
cardiac and respiratory effects, stable airway maintenance, 
a broad margin of safety and rapid, smooth recovery. 


@ Inhalation is the most reliable in terms of onset and 
recovery. It is the recommended route for conscious 
sedation for pediatric dentistry. Use of a close-fitting 
scavenging nasal hood with rubber dam improves 
the effect of sedation and reduces atmospheric 
pollution. 


¢ Oral sedatives can be prescribed and administered by 
the operating dentistry within the facility. The patient 
should be kept in a quiet room with their escort and 
a competent staff member. Sedated children should 
be constantly monitored. 


<> Chloral hydrate (55mg/kg) and hydroxyzine 
(I mg/kg) is one of the safest and most commonly 
used drug regimens for sedating uncooperative 
pediatric dental patients. 


<> Oral or intranasal sedation is used in following 
situations, 


e Where intravenous cannulation cannot be 
achieved due to patient phobia, learning 
difficulties or other disabilities 


e Where inhalation sedation with nitrous 
oxide does not provide sufficient relaxation 
or patient has been assessed as being too 
anxious for this to be successful. 


@ Intravenous sedation with a_ single dose of 
midazolam is recommended for adolescents who are 
psychologically and emotionally suitable. 


<> A pulse oximeter is used for clinical observation. 


<> It should be administered by a experienced dental 
seditionist with a trained dental nurse in a en 
appropriate facility. 


@ Intravenous sedation is not recommended for pre- 
cooperative children. Elective general anesthesia 
could be preferred. 


<> i.v sedation for children below age of |4 years 
should be done in a hospital facility. 


@ Rectal administration is not socially acceptable in UK, 
and it is not recommended outside hospital facility. It 
requires a qualified anesthetist. 
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@ Intramuscular sedation is not recommended. A 
general anesthetic carries lower risk and has greater 
long-term psychological benefit to the child. 


@ Standard techniques are 
< Inhalational sedation using Nitrous oxide/oxygen 
<> Intravenous sedation using midazolam alone 
<> Oral/ transmucosal benzodiazepine 

@ Alternative techniques include, 


<> Any form of conscious sedation for patients under 
the age of |2 years (or where physical and mental 
development of the individual does not correlate 
with their chronological age), other than nitrous 
oxide/oxygen inhalation sedation. 


Use of a benzodiazepine together with any 
other intravenous agent, e.g. opioids, propofol, 
ketamine 


Propofol either alone or with any other agent, e.g. 
benzodiazepine, opioid, ketamine 


<> Inhalational sedation using any other agent other 
than nitrous oxide/oxygen alone 
<~ Combined  (non-sequential) routes  e.g., 


intravenous plus inhalational agent (except for the 
use of nitrous oxide/oxygen during IV cannulation 


only) 


Oral and trans-mucosal (e.g. intranasal) non- 
titratabletechniques 


<> 


ADA has recommended a more specific classification for 
qualifying conscious sedation as 


@ Minimal 
@ Moderate 
¢ Deep 
66 


ADA defines moderate sedation as a 
pharmacological-induced minimally depressed level 
of consciousness during which patients respond 
purposefully to verbal commands either alone or 
accompanied by light tactile stimulation. No 
interventions are required to maintain a patent 
airway, and spontaneous ventilation is adequate. 
Cardiovascular function is usually maintained”. 
N,O-O, and Fentanyl-midazolam combination _ is 
classified as moderate. 
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The levels of sedation include, 


@ Heavy — patient well sedated as evidenced by lack 
of crying or movement 


¢ Moderate -— _ patient mostly cooperative, 
but occasionally asleep. Occasional crying or 
movement at times interrupting treatment 


¢ Light -— patient often uncooperative and 
awake with periods of continuous crying or 
movement. Occasionally only partial treatment 
completed with physical restraint or no treatment 
rendered. 


¢ Poor — patient uncooperative and fully awake 
with uncontrollable crying or movement. Treated 
with restraint or no treatment rendered. 


Nitrous oxide: 


It has a sweet odour, pleasant to inhale and non-irritant in 
nature. 


Nitrous oxide inhalation sedation (NOIS) is the technique 
of choice for management of anxious pediatric dental 
patients. It can be carried out in a dental practice, its usage 
is well documented, and studies have proven its immediate 
and long-term benefits in children. 


Advantages: 


This procedure is non-invasive, has a quick onset and 
administered by titration, so that the sedation level can 
easily be altered or discontinued. 


It is rapidly absorbed and eliminated. The patient has a rapid 
and complete recovery within 5 minutes. It has minimal 
effect on cardiovascular and respiratory function and the 
laryngeal reflex. 


It has low tissue solubility and hence, rapid onset and fast 
recovery. It has minimum alveolar concentration value to 
render full anesthesia without hypoxia. 


It can be used for facilitation of dental extractions in 
children or elective orthodontic extractions. It is a cost- 
effective alternative to general anesthesia. 


Disadvantages: 


It has very few disadvantages as it is a weak analgesic and 
no absolute contraindications. When exposed to high 
concentrations of nitrous oxide within a confined space, 
it can depress vitamin BI2 activity among dental surgeons 
and their staff. 
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Other inhalational agents: 


lsoflurane and sevoflurane could be used as a sedative. 
However, their usage has not been thoroughly investigated 
in children. 


Midazolam: 


It is an imidazobenzodiazepine, which has double the 
affinity for diazepam towards benzodiazepine receptors. 
It has high lipophilicity at physiological pH, very high 
metabolic clearance, rapid onset, and speedy recovery. It 
can produce greater degree of amnesia in dental patients. 
It is water soluble, short-actingagent with rapid onset. It 
has anticonvulsant and muscle relaxant properties.It has 
relatively high margin of safety. It is effective in adults and 
children. 


It is usually reserved for anxious adolescents or adult dental 
patients. It has a stable plasma concentration within hours 
of use, no tendency to cumulation and rapid clearance 
following discontinuation. 


With intravenous sedation, midazolam is recommended for 
patients above I|6 years of age. It can be a safe alternative 
to general anesthetic for surgical orthodontic extractions. 


lt can produce disinhibition rather than sedation in children. 
lt can also produce anterograde amnesia.A major risk with 
high doses is hypoventilation and associated hypoxemia. 


Midazolam can also be given intranasally which is easy to 
administer, 


Oral midazolam may be used as a premedication and 
sedative agent. It has now replaced chloral hydrate as the 
most popular sedative agent. It is not recommended for 
use outside hospital environment. 


Flumazenil: 


lt reverses all the effects of benzodiazepines. Its duration of 
action is 15 — 140 minutes, which is shorter than midazolam. 
This can lead to resedation and post-operative anxiety. 


It is usually not recommended for patients with copious 
nasal secretions or with upper respiratory tract infection. 


Ketamine: 


Ketamine satisfies most of the criteria for an ideal sedative. 
lt is reported to be safe and effective for dental procedures. 
lt rapidly produces profound sedation and analgesia without 
cardiorespiratory depression. 

It has a wide safety margin and recovery time of 30- 


[20 minutes and is safe for outpatient use. It provides 
excellent amnesia, maintains muscle tone and ensures air 


Periodontics & Oral Implantology 


Chapter 77 


route reflexes and spontaneous breathing.When used 
with diazepam, the risk of laryngeal secretions is also 
minimized. 
The complications of aspiration and laryngospasm are also 
exceedingly rare. It can cause vivid and frightening emergent 
reactions. 


Meperidine: 
It is a narcotic that can potentiate the action of sedatives. 


It can produce respiratory depression by decreasing 
brainstem activity to carbon dioxide. 


Complications: 


Adverse effects may appear during and after the sedation 
procedure. The risk can be minimized and not completely 
eliminated. 


@ Use of multiple drugs increases the risk of complication 
and is not recommended. 


Respiratory depression 
Depression of protective reflexes 
Nausea 

Hypoxia 

Apnea 

Respiratory obstruction 


Cardiopulmonary alterations 
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Hyperactivity 

@ Unintentional loss of consciousness. 
Contraindications: 
lt cannot be effective for patients with poor attendees and 
very young children. 


@ Non-cooperative patients with high anxiety and 
apprehensive profile. 


@ Hysterical, stubborn or defiant patients who refuse 
the mask due to age, maturity, behavior or personality 
disorders. 


@ Psychotic or drug addicted patients due to influence 
of severe emotional disorder 


@ Patients with severe pain, upper respiratory tract 
infection (common cold/ tonsillitis/ nasal blockage), 
chronic obstructive pulmonary disease, acute otitis, 
sinusitis or recent surgery in ear/nose/throat, with 
porphyria or under chemotherapy with bleomycin 


First trimester of pregnancy 
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Monitoring: 

The ADA guidelines for the use of sedation and general 
anesthesia by dentists should be strictly adhered. 
Appropriate medical consultations, proper maintenance 
of patient monitoring equipment, suitable dosage and 
administration of sedation medications are mandatory. 
The staff members should be properly trained in 
emergency management of respiratory and hemodynamic 
complications 


The parameters to be monitored before, during and after 
the conscious sedation procedure include: 


Total fluid administration 
¢ Total administration of medication 
@ Reading of 
<> Baseline oxygen saturation 
<> Intrasurgical minimal oxygen saturation 


@ Systolic blood pressure at start, midpoint, and end of 
procedure 


@ Diastolic blood pressure at start, midpoint, and end 
of procedure 


@ Heart rate at start, midpoint and end of procedure 
@ Adverse events, if any. 


Improper use of sedation medications in terms of dosage 
and administration may result in serious complications 
including patient death. 


Brain function monitors and pulse oximeter have improved 
the safety and efficacy ofgeneral anesthesia in operating 
rooms. These improve the control of the level of sedation 
and accurately control the anesthesia. But, they are not 
widely used in-office based practices like conscious 
sedation. During light sedation, pulse oximeter, blood 
pressure monitor and EKG are usually placed to ensure 
patient safety. 


The common adverse effects include oversedation leading 
to hypoventilation and oxygen desaturation or inadequate 
sedation resulting in an uncomfortable patient. Brain 
function monitor displays the PSI score. A high PSI score 
shows inadequate sedation and the drug titration has to 
be increased in such instances. The electromyographic 
interference (EMG) from frontalis muscle can affect the 
monitoring in light to moderate sedation procedures. This 
EMG activity should be filtered out, or it can result in an 
artifact high PSI. 


Y 


| Associated Topics in Periodontology 


Pulse oximeter: 


It is a popular and recommended electronic method 
of monitoring children sedated during dental treatment. It 
was introduced in US by 198Il, and Mueller et al 
investigated its usage in dental sedations involving 
children in 1985. 

Pulse oximetry is a non-invasive method of measuring 
arterial oxygen saturation using a sensor probe on 
patient’s finger or ear-lobe. It detects the relative 
difference in absorption of light between saturated 
and desaturated hemoglobin during arterial pulsation. It 
does not monitor relative saturation in arterial beds but 


derives its information from venous beds. Oxygen 
saturation of lower than 95% is considered as 
hypoxaemic. 


Greater is the depth of sedation, more important is 
the usage of pulse oximeter to determine desaturation. 
The alarms in the pulse oximeter can sound in the 
following situations, 


¢ A true desaturation — true situation 
@ False alarms 
<> Small movement of limbs or toes/fingers possibly 
undetected by the clinician 


<> Relative hypothermia 
< Interference from ambient light sources 
<> Abnormal hemoglobinemias 


<> Changes in the blood flow in regional vascular 
beds 


False episodes or alarms are more frequent in a child dental 
patient, who are more likely to move than the adult. 


Capnograph: 

Its main advantage over pulse oximeter is that it can detect 
ventilatory problems prior to desaturation. It’s usage is not 
mandatory for level | to III, but desirable for level III and 
required for levels IV and V. 


Clinical reviews: 


Case series by Holtzdaw et al shows that higher total 
medication doses are used in periodontal procedures (80- 
210 minutes) than oral surgery (50-98 minutes). It was 
likely as a result of longer procedure durations. 30 minutes 
of additional procedure time should be scheduled for 
intravenous moderate sedation cases to include pre- and 
post-surgical patient management. 
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Conclusion: 


If psychological techniques are_ ineffective, inhalation 
conscious sedation is a viable option for handling pediatric 
patients. Nitrous oxide-oxygen inhalation is recommended, 
as it is safe and comfortable for children. 


Specific training is essential for the professional medical and 
dental team to apply this technique without endangering 
patient’s health. 
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e Ethical principles and values. 


Introduction: 


One of the characteristics of a profession is adherence to 
the code of ethics. Ethics is a moral concept which has 
been considered worthy of major contemplation almost 
since the beginning of human life on earth. 


Dentistry is one of the healing arts. The dental profession 
is a vocation in which knowledge and skill is used for the 
service of others. Being a health care provider does carry 
with it a responsibility to individual patients and society. 


The word ethics is derived from the Greek 


word “ethos’’meaning custom or character. 


Ethics for this profession are not to be imposed but 
self-implicated and voluntarily accepted for the purpose 
of establishing and maintain an honorable pattern of 
recognized behavior. 


What is Ethics? 


Ethics is a branch of philosophy concerned with the study of 
those concepts that are used to evaluate human activities, 
in particular, the conceptsof goodness and obligation. 
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Ethics is defined as “the science of the ideal human 
character and behavior in_ situations where 
distinction must be made between right andwrong, 
duty must be followed and good interpersonal 
relations maintained.” 


Why Code of Dental Ethics? 


A systematic body of rules is needed that the dignity and 
honor of dental profession is upheld, its standards exacted, 
its sphere of usefulness extended and the advancement of 
dental science promoted. Moreover, the members of the 
dental association may understand the duties and obligations 
clearly to the dental profession, to their patientand tothe 
community at large. 


Hippocrates was given credit for writing, probably the first 
voluntary code of regulations for the medical profession, 
protecting the right of patients and appealing to the finer 
characteristics of physician. 


In Dentistry, the Code of Ethics Contains Five Major 
Sections: 


@ Service to the public and quality of care. 


@ Education 
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@ Government of a profession 


@ Research and development 


@ Professional announcement 


Ethical principles: 


It is the part of philosophy that deals with moral conduct 
and judgment. There are certain principles that the 
healthcare professional should be aware of in practice of 
their profession. The major principles are: 


a) 


b) 
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To do no harm (non maleficeure): Foundation 
of social morality. The concept is that the 
professionals have a duty to protect the patient 
from harm. 

In population-based research, the investigator has a 
dual responsibility, i.e. to the individual and to the 
population of which they are a part. 


To do good (Beneficeure): 

lt should be the role of dentists and dental hygienists 
to benefit patients, as well as not to inflict harm. 
The expectation of the patient is that the care 
provider will initiate beneficial action and that there 
is an agreement between the doctor and patient 

that some act of goodness/benefit will occur. 

In population-based research, the ethical question is 
not only whether the research is needed, but also 
whether it is wanted, whether it is relevant to the 
public health problem of the community . If 
community does not receive benefit, they will have 
difficulties in seeing the relevance of the study. 


Respect for persons: 

This incorporates at least two other ethical 
principles of which autonomy dictates that health 
care professionals respect the patient’s capacity 
for self-determination in making decision regarding 
their treatment, and informed consent is an essential 
component of a patient's right to autonomy. 


a. Autonomy: 
The primary way to respect individuals is to abide 
by their choices whether others believe these 
choices to be wise or beneficial. 
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Ethical research places the desires and needs of 
the subject. It is wrong to regard members of the 
community as only impersonal materials of the 
study, even though they are not harmed. 


Informed Consent: 


It is the first stated and the largest principle of the 
Nuremberg Code. The Nuremberg code identified 
four attributes of content without which content 
cannot be valid. 


Consent must be 

i. Voluntary 

ii. Legally competent 
ili. Informed and 

iv. Comprehending 


Although Nuremberg code calls for voluntary 
content, it has been customary, since 1950 to 
refer it as informed consent. 


Consent should not be obtained by bribery or 
misinformation. If a person cannot give informed 
consent, it is desirable to obtain “permission” 
from a community leader. 


Informed consent holds a central place in the 
ethical justification of research involving human 
subjects. 


The informed consent has a two-step process. 
First information is presented to the subject by 
the investigator. Secondly, the subject satisfies 
himself or herself that he or she understands and 
based upon this understanding either agrees or 
refuses to participate in the research projects. 


The act of providing information to and assuring 
the understanding of a patient regarding treatment 
risks, treatment options, and the nature of the 
disease or problem. 


¢ What does a patient want? 


¢ Honest, unbiased, up-to-date information about 
their illness. 


¢ The likely outcome. 


¢ The benefits and_ risks’ of 
interventions. 
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¢ Help to identify and secure their treatment 
preferences. 


¢ Advice supported by the best available 
evidence. 


¢ Doctor’s opinion 
— Informed consent breeds suspicion and 
mistrust. 
— Patients want doctors to take responsibility. 


— Patients do not understand the emphasis on 
consent forms. 


— Patients have full faith in the knowledge, 
skills and competence of the doctor.‘Doctor 
knows best. 


— ‘Informed consent’ erodes the doctor- 


patient relationship. 


— Patients become anxious and distressed 
when the problem is discussed openly and 
frankly. 


¢ Can the information be shared during an 
emergency? 


¢ (Can patients respond appropriately during a 
crisis? 


¢ Getting informed consent is a needless 
nuisance. 


d) Justice(fairness): 


The primary duty of the health professional is service 
irrespective of class, creed,etc. Justice demands that 
each person be treated equally. 


It calls for an obligation to protect the weak and to 
ensure equity in rights and benefits, both for 
groups and individuals. It calls for universal coverage 
and for care according to need. 


In providing dental care,it is hard to distribute 
services to all who are in need but it should be the 
concern of health care professionals to ensure that 
as even a distribution as possible to occur. 


Dentists can provide some free or discounted care 
in their offices to those who are truly needy, or they 
can provide financial support or devote some time 
for low-income patients. 
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Truthfulness: 

The patient-doctor relationship is based on trust. 
Relation studies on terminally ill patients in 1950 and 
1960 had showed that the physicians had the right, 
indeed duty to withhold the bad news when they 
believed it would upset the patient. It is an example 
of Hippocratic paternalism that is, the doctor knows 
the best. 

Nowadays, there is a reversal of this dominant physical 
pattern in certain epidemiological studies. 


Confidentiality: 

It is a principle that can be traced to the Hippocratic 
Oath and exists today in the international code of 
medical ethics. Every patient has the right to expect 
that all communications and records pertaining to 
their care will be treated as confidential. 

Earlier, it was widely accepted that confidentiality 
could be breached if it would benefit the patient. In 
the current scenario, patients permission shouldbe 
sought. In no instance, should the confidentiality be 
breached other than in the court of law or the 
patient changes the dentist. 


Ethical rules for Dentists (Prescribed by Dental 
Council of India): 


The duties and obligations of dentist towards the patient: 


Every dentist should be courteous, sympathetic, 
friendly and helpful. 


He should observe punctuality in fulfilling his 
appointments. 


He should establish a well-merited reputation for 
professional ability. 


The welfare of the patient should be conserved to 
the best of the practitioner's ability 


A dentist should not permit consideration of religion, 
nationality, race, party politics to intervene between 
his duties and his patients. 


Information of a personal nature, which may be 
learned about or directly from a patient in the 
course of dental practice, should be kept in utmost 
confidence. 
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Duties of Dentist towards one another: 


@ Every dentist should cherish a proper pride in his/her 
colleagues and should not disparage them either by 
act or word. 


@ When the dentist is entrusted with the care of 
the patient of another, during sickness or absence, 
mutual arrangement should be made regarding 
remuneration. 


Ethical theory and philosophy: 


Micro-ethics: Those principles that focus primarily 
on individual's rights and duties and do not see 
individual as part of a wider social order are called as 
micro-ethics. 

Macro-ethics: Macro ethics can be defined as a set 
of principles designed to protect the human dignity, 
integrity, self-determination, confidentiality, rights and 
health of populations and the people comprising them. 
The macro-ethical principles guide the conduct of 
population- based research and practice. 


@ Meta-ethics 
@ Normative ethics 
@ Applied ethics 
Meta-ethics: 
It investigates the following valuables, 
@ Where our ethical principles come from 
@ What do they mean? 
@ Are they merely social inventions? 


@¢ Do they involve more than expressions of our 
individual emotions? 


Meta-ethical answers to these questions focus on the 
issues of universal truth, the will of God, the role of reason 
in ethical judgment and the meaning of ethical terms 
themselves. 


Normative ethics: 


It is a term that describes,’‘a group of theories that provide, 
define and defend a system of principles and rules that 
determine which actions are right or wrong’. 


By contrast, Non-normative ethics involves theories that 
examine how individual’s reason and act, not what ought 
to be done. 
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lt comprises of three broad- based classical views or 
philosophies. The three views are that comprises normative 
ethical theory are: 


@ Consequentialism. 
@ Deontology or non-consequentialism. 


@ Virtue ethics. 
Consequentialism: 


It is predicated on the idea that the rightness or wrongness 
of any action is going to be determined and justified by 
the consequences of the act. Such theories are also called 
Ideological, telos meaning end or consequence. 


It is also called teleological ethics. An action or rule is 
right or good insofar as it produces or leads to the 
maximization of good consequences. 


Such individuals consider all relevant consequences 
(potential outcomes) of an action prior to making a choice 
about which action to take, believing that if one can identify 
all the consequences, it is then possible to make a choice 
about which action or actions are good actions. 


John S. Mill was the primary proponent of Utilitarianism, a 
theory that is also based on the consequentialists 
approach to decision making. Utilitarianism is founded 
on the idea that an action should be judged on its 
capacity to provide the greatest good for the largest 
number of people. 


Deontology or non-consequentialism: 


Deontology is derived from the word deon, meaning 
duty. Duty or the responsibility to duty is the primary 
consideration. This school of thought has had a 
significant effect on biomedical ethics. 


Anaction is right when it confirms to a judgment or rule 
of conduct that meets the requirement of some 
overriding duty. It is also called deontological ethics. 


It places primacy on the right of the individual to act 
autonomously or to make decisions on his or her own 
behalf. 


Kant proposed a “categorical imperative,’ which 
defined rules that would be absolutely binding under all 
circumstances. The rules were primarily negative, in 
that they told one what not to do. Kant also categorized 
rules into perfect duties and imperfect duties. Perfect 
duties are always binding, whereas imperfect duties are 
compelling, but not always binding. 
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Virtue ethics: 


Avirtue is defined as a beneficial disposition, habit, or trait 
that a person possesses or aspires to possess. Character 
or virtue and the goodness of the person in living a 
goodlife is the cause to action. 


Virtue ethics emphasized that the cultivation of virtuous 
traits of character is the primary function of morality. It 
is based on an appreciation of not so much the rightness 
or wrongness of a given act or duty, but on the goodness 
of the person who chooses to do the act or perform the 
duty. 


Unlike the consequentialist and non-consequentialist, the 
philosophers interpret that virtue ethics dictates what 
kind of a person we ought to be, not what we what to do. 
Virtue ethicists believe that individuals make choices based 
on virtue and character. The focus is on the character of 
the person. If a person has good character, that person will 
make choices that produce good. 


A dentist who treats a hostile and unhappy patient with 
extra kindness and caring is striving to be virtuous. 


Applied ethics: 


Applied ethics consists of the application of normative 
ethical theories to practical and moral problems. Among 
the major fields of applied ethics are bioethics, business 
ethics, legal ethics and medical ethics. 


Ethical principles and values: 


Ethical principles guide the conduct of healthcare providers 
by helping to identify, clarify and justify moral choices. 
Normative principles provide a cognitive framework for 
analyzing moral questions and problems. These principles 
are linked to commonly expected behaviors because they 
are based on shared standards of thinking and behaving. 


In health care, the normative principles are non-maleficence, 
beneficence, autonomy, and justice. These principles are 
associated with expectations for behavior, and they provide 
guidelines for dealing with right and wrong actions. These 
principles provide direction about what should and should 
not be done in specific situations. 


Values and concepts: 


There are several values and concepts that support the 
principles of ethics and add clarity to attempts to make 
ethical decisions. These values and concepts are founded on 
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the ethical principles and the theory upon which those 
principles are based. These terms and concepts are: 


@ Paternalism. 
Veracity. 
Informed consent. 


4 
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¢ Confidentiality. 
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Universality. 


¢ Complimentarity. 
Paternalism: 


Paternalism is closely related to the principles of non- 
maleficence and beneficence. This approach is based on the 
Hippocratic Oath, which is based on the physician doing 
what he or she thinks is best for the patient according to 
his or her ability and judgment. 


Paternalism means that the health care professional acts 
as a parent and makes decisions for the patient based on 
what the professional thinks is in the best interest of the 
patient. 


Paternalism and autonomy are in conflict. Adentist cannot 
unilaterally act on behalf of the patient without denying the 
patient’s right to exercise autonomy. 


Application of paternalism: 


Paternalism was a common practice in the past because the 
health care provider had the superior knowledge and skill 
and partly as patients expected the health care provider 
to make decisions in their best interests. Often, patients 
had no knowledge that alternative care options were even 
available. Such paternalistic acts were carried out with good 
intentions to benefit the patient and often became second 
nature to the clinician. 


The historical benchmark for refuting paternalism was a 
political philosophy essay written in the mid-!800s. Mill’s 
essay remains one of the hallmarks of liberal political theory 
and the basis for the societal presumption that individuals 
are free to act as they see fit. 


In general, patients today are well informed about health, 
treatments, and their rights as patients, and want to 
participate in the decision-making process. The responsibility 
of the heath care professional is to educate the patient about 
the balance of benefits and risks of treatment, which often 
creates a conflict between beneficence and autonomy. 
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A dentist can also refuse to perform a procedure that they 
consider not to be in the best interest of the patient. 


Veracity (Truthfulness): 


If your mouth turns into a knife, it will cut off your lips. 
Veracity is defined as being honest and telling the truth. 
It is the basis of the trust relationship that is established 
between a patient and health care provider. 


Patients are expected to be truthful about their medical 
history, treatment expectations, and other relevant facts. 


Clinicians, for their part, must be truthful about the 
diagnosis, treatment options, benefits and disadvantages 
of each treatment option, the cost of treatment, and the 
longevity afforded by the various treatment options. This 
allows patients to use their autonomy to make decisions in 
their own best interest. 


Benevolent deception is the name. given to. the 
practice of withholding information from a_ patient 
because of the clinician’s belief that the information 


may harm the individual. This practice is in the tradition of 
the Hippocratic Oath, but is not supported by most codes 
of ethics and can be applied only in extraordinary 
circumstances. It is a rare case that would justify deceit in 
the dental setting. 


Both informed consent and informed refusal are based on 
the ethical principle of respect for autonomy. It includes 
informed consent and informed refusal. 


Respecting patient’s right to self-determination sometimes 
means allowing the patient to refuse to have a procedure 
performed, even if the dentist believes that the procedure 
would be in the patient's best interest. The patient must 
be told of the possible consequences of refusal and should 
be advised to make an intelligent decision in refusing a 
recommended course of treatment. This is the concept of 
informed refusal. 


Risk Management Principle: 

A document that the patient was informed about the best 
course of action to take to preserve or improve his or 
her oral health and about the likely consequences if the 
advice is not followed. 

Confidentiality: 

Confidentiality is a critical aspect of trust. It is related to 
respect for persons and involves the patient exercising his 
or her autonomy in providing information to the 
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professional. A patient has aé_ right to privacy 
concerning his or her’ medical and_ dental 


history,examination findings, discussion of treatment 
options and treatment choices, and all records pertaining 
to dental and dental hygiene care. 


Discussion about a patient’s history or treatment is not 
to be shared with spouses, family or friends; to do so is a 
violation of confidentiality. 


When a case if discussed in an educational setting or a 
second opinion is sought, the privacy of the patient 
should be protected by the clinician who first saw the 
patient in question. A few exceptions to this rule are: 


@ Legal requirements to report disease that can have 
an effect cm the health of the public, such as sexually 
transmitted diseases. 


@ Reporting suspected child abuse. 


@ In dealing with minor children, divulging confidential 
information to the parents may be necessary to 
protect the child from harm. 

Fidelity is the belief that it is right to keep promises and 
fulfill commitments. For the health care provider, it includes 
the duty to fulfill all portions of implied or expressed 
promises made to the patient, in addition to holding a 
contractual agreement, not abandoning the patient prior to 
the completion of treatment, and keeping confidentiality. 


Universality: 


Universality is a characteristic that states that if two or 
more people consider the same action or trait in the 
same situation, the same conclusion would be drawn. 
That is, if a given situation were duplicated, it would lead 
to the same evaluative result each tune. 


Complementarity: 


It is an aspect of justice that is closely aligned with 
the theory of consequentialism. It can be described 
doing the greatest good for the greatest number 
persons. Discussions about the use and application 
public policy resources would be an_ example 
complementarity, as would be the consideration 
culture and language with health care services. 


Nuremberg Code -A legal judgment 


Nuremberg Military Tribunal developed a code of standards 
to use in judging physicians accused of conducting research 
atrocities in Nazi concentration camps. 
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It is the first internationally recognized code. Its focus was 
on ethical treatment of humans even in non-therapeutic 
research.It has become the comer stone for all the guidance; 
regulations required in human research. 


Ten Point of Nuremberg Code: 
@ Consent must be voluntary 
@ Legal capacity to give consent. 
@ Without element of force. 
4 


Sufficient knowledge of nature, duration and 
purpose. 


® 


Inconvenience and hazards reasonably expected. 


@ Experiments should yield fruitful results for the good 
of the society. 


@ Design should be based on results of animal 
experiments and knowledge of natural history of the 
disease. 


@ Avoid all unnecessary physical and mental 
suffering and injury. 


@ No experiment should be conducted where there is 
prior reason to believe that death or disabling injury 
will occur. 


@ The degree of risk should not exceed as determined 
by humanitarian principles. 


@ Proper preparations should be made and adequate 
facilities provided to protect the experimental 
subjects against even remote possibilities of injury, 
disability or death. 


@ The experiment should be conducted only by 
scientifically qualified persons with the highest 
degree of skill and care. 


@ During the course of the experience, the human 
subject should have the liberty to bring the experiment 
to an end. 


¢ During the course of the experiment, the scientist in 
charge must be prepared to terminate the experiment 
at any stage, if he has probable cause to believe, that 
a continuation of the experiment is likely to result 
in injury, disability or death to the experimental 
subject. 
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Review Questions: 


Essay Questions: 


|. What are the applications of dental ethics in 
periodontal research and practice? 


Short notes: 
2. What is dental ethics? 


Principal references and suggested further 
reading: 


@ Kumar P, Kumar P Dupare R, Gupta V, Khattar A. 


Significance and prospective of“Consumer Protection 
Act” deliberations for the dentist. Muller | Med Sci 
Res 2013;4:18-22 


@ Ethic. Merriam-Webster. —https://www.merriam- 
webster.com/dictionary/ethic. Accessed April 19, 
2017. 


@ Prasad D K, Hegde C, JainA, Shetty M. Philosophy and 
principles of ethics: Its applications in dental practice. 
J Educ Ethics Dent 201 1; 1:2-6 


@ Internet Encyclopedia of Philosophy. Internet 
Encyclopedia of Philosophy. http://www.iep.utm.edu/ 
ethics/. Accessed April 19, 2017. 


@ MILITARY MEDICINE 2002; 167, Suppl. 3: 26 — 31. 
Medical Ethics in Peace and in the Armed Conflict 
LTC Andreas G. Schapowal, German Armed Forces; 
COL Hans-Ulrich Baer, Swiss Armed Forces 
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¢ Teleological and Historical Perspectives of Evidence-Based Dentistry. 


¢ Teaching E-BD to Dental Students/Residents. 
¢ Conclusion. 
e Review Questions. 


¢ Principal references and suggested further reading. 


Each day, consciously and unconsciously, we make decisions 
regarding our patients’ care. To make clinical decisions, 
almost instinctively we draw on a wealth of resources 
including our own clinical experiences and discussions 
with colleagues; we rely on textbooks, journal articles, 
and previous educational experiences. As practitioners, 
thinking critically about how we make clinical decisions is 
important. As educators, we should evaluate how we 
teach students and residents to make clinical decisions. 


The purpose is to introduce a model for clinical 
decision making known as_ evidence-based dentistry 
and examine its role in the modern practice and 
education of dental health care professionals. 


Evidence-based medicineis defined as_ the 
integration of the best research evidence with 
clinical expertise and patient values. 


It includes the following aspects, 


@ The methods of generating high-quality evidence, 
such as randomized controlled trials and other well- 
designed methods 


@ The statistical tools for synthesizing and analyzing the 
evidence (systematic reviews and meta-analysis) 
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@ The ways for accessing the evidence (electronic 
databases) and applying it (evidence-based decision 
making and practice guidelines) 


The practitioner should 


@ More efficient and effective online searching skills to 
find relevant evidence 


@ Critical appraisal skills to rapidly evaluate and sort 
out what are valid and useful, and what is not. 


Evidence-based decision making is the formalized process 
and structure for learning these skills so that the best 
scientific evidence is considered when making patient 
care decisions. The use of current best evidence does not 
replace clinical expertise or input from the patient, but 
rather provides another dimension in the decision-making 
process. It involves two fundamental principles, as follows, 


@ Evidence alone is never sufficient to make a clinical 
decision. 


@ Hierarchies of quality and applicability of existing 
evidence to guide clinical decision making. 


Traditional decision making relies more on_ intuition, 
unsystematic clinical experience, and patho-physiologic 


rationale. 
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Evidence-based dentistry has been defined by ADA as 
“an approach to oral health care that requires the 
judicious integration of systematic assessments of 
clinically relevant scientific evidence, relating to the 
patient’s oral and medical condition and history, with 
the dentist’s clinical expertise and the patient’s 
treatment needs and preferences.” This is now 
incorporated into the ADA Accreditation Standards for 
Dental Education Programs. The students should be 
taught to find, evaluate, and incorporate current evidence 
into their decision making. 


Evidence-based dentistry is an emerging approach that 
seeks to integrate the best available research evidence 
into clinical practice for the maximum benefit of each 
patient. It is a new philosophy. Some aimed at ensuring 
wellness and quality of life in our patients over the 
traditional style of “drill, fill, and repair.” 


All dentists are exposed to materials science during training 
and information about materials is among the most widely 
available and sought. Although potential links between 
in vitro measured properties and clinical behaviour are 
frequently implied, the status of such linkage is often left 
obscure. In general, few single in vitro tests have 
been validated as being predictive of clinical behaviour. 
Those writing international and national standards for 
dental materials have long relied on _ batteries of 
laboratory tests, but often only to assure quality, safety, 
and handling, with limited emphasis being placed on 
clinical efficacy. 


Evidence-based dentistry (E-BD) is a new model for real 
world, practical, clinical decision making. 


E-BD can be defined as the’ conscientious, 
explicit, and judicious use of current best 
evidence in conjunction with clinical experience 
to make decisions regarding patient care. 


lt de-emphasizes the traditional roles of clinical intuition, 
unsystematic clinical observations and experiences, 
and pathophysiologic rationales as sufficient grounds to 
make clinical decisions. Instead, E-BD stresses the role of 
information derived from clinical research as the foundation 
for clinical decision making. 
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AIM: 


The aim of evidence-based dentistry is to provide the 
dentist with new and improved information for 
optimizing the decision-making process for treatment. It 
seeks to establish a link between clinical judgment and 
research evidence, to empower the dentist's clinical 
judgment with updated findings. 


|. The aim of evidence-based dentistry is to provide 
the dentist with new and improved information 
for optimizing the decision-making process for 
treatment. 


2. It seeks to establish a link between clinical judgment 
and research evidence—that is to say, to empower 
the dentist’s clinical judgment with updated findings. 
One could view clinical judgment as being somewhat 
Static in nature because it relies, on the one hand, 
upon well-established diagnostic trends, consensus, 
and opinions (dogmas, one could argue) and, on the 
other, upon subjective reports in the form of patient 
histories. By contrast, the research evidence 
abounds and, in fact, grows at a pace that no 
research scientist can sustain, let alone clinicians 
who dedicate theirtime to patient care. 


3. Practitioners of E-BD require skills not traditionally 
taught in dental or medical school. The skills include 
converting clinical problems into answerable 
questions, learning how to efficiently search the 
literature and other resources for evidence, critically 
assessing the evidence to evaluate its validity, and 
applying the results to clinical practice. 


4. E-BD in conjunction with experienced clinical skills 
often makes explicit the expert's implicit clinical 
reasoning, thereby making it possible for students to 
substitute mimicry with understanding and avoid the 
need for years of experience as the only route to 
good clinical judgment. 


5. The concern of evidence-based dentistry is to 
establish a system for providing optimal care for 
each patient. The process entails 3 fundamental 
steps: (1) identification of the research literature 
pertinent to the clinical case, (2) the evaluation of 
this literature, and, if deemed acceptable according 
to a certain set of criteria, (3) the incorporation of 
this researchevidence into the treatment plan. 
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6. Evidence-based dentistry seeks to evaluate the efficacy 
of research studies, that is, the extent to which the 
data can be replicated (i.e., internal validity). 


7. Evidence-based dentistry also examines whether 
or not the findings may be interpreted in a context 
other than the stringent domain of the study itself 
(i.e., external validity). 


One could view clinical judgment as being somewhat 
static in nature because it relies, on the one _ hand, 
upon well-established diagnostic trends, consensus, and 
opinions. On the contrary, it relies on subjective\ reports 
in the form of patient histories. 


By contrast, the research evidence abounds and, in fact, 
grows at a pace that no research scientist can sustain, let 
alone clinicians who dedicate their time to patient care. 


Practitioners of E-BD require skills not traditionally taught 
in dental or medical school. The skills include converting 
clinical problems into answerable questions, learning how 
to efficiently search the literature and other resources 
for evidence, critically assessing the evidence to evaluate 
its validity, and applying the results to clinical practice. 
E-BD in conjunction with experienced clinical skills can 
improve clinical reasoning, thereby making it possible 
for students to substitute mimicry with understanding 
and avoid the need for years of experience as the only 
route to good clinical judgment. 


The fact that research evidence is cumulatively immense 
and continuously growing suggests that it should not 
be indiscriminately used. The determination of the 


quality and validity of research findings is the domain of 


evidence-based dentistry. In fact, we must be careful 
that inappropriate research evidence brings harm to 
the patient. Inappropriately used research evidence 
may threaten the outcome of the treatment plan if either 
of 2 situations occurs. 


@ First, the findings may not apply to the clinical situation 
at hand. That is to say, the results of research may not 
pertain to the particular set of conditions presented 
by the patient. This is a fundamental error inclinical 
judgment (i.e., diagnosis) on the part of the dentist. 


@ Second, the quality of the findings may be 
inadequate(i.e., unreliable), making the study invalid 
(i.e., low internal and external validity). 
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The concern of evidence-based dentistry is to establish 
a system for providing optimal care for each patient. The 
process entails 3 fundamental steps: 


(1) Identification of the research literature pertinent to 
the clinical case, 


(2) The evaluation of this literature, and, if deemed 
acceptable according to a certain set of criteria, 


(3) The incorporation of this research evidence into 
the treatment plan. 


Teleological and methodology used in E-BD 
prospective: 


Evidence-based dentistry seeks to evaluate the efficacy of 
research studies. 
@ The extent to which the data can be replicated (i.e., 
internal validity). 


@ It also examines whether or not the findings may 
be interpreted in a context other than the stringent 
domain of the study itself (i.e., external validity). 


In order to perform these evaluations, the methodology 
of each piece of pertinent research literature is critically 
assessed in terms of, 


@ Methods (variables, sampling, instrumentation), 
@ Design (randomized blinded trials [RBTs]) 


@ Data analysis (categorical versus continuous, 
t-test versus analysis of variance versus multiple 
regressions). 


The need to improve the quality of care is driven by two 
forces namely, 


¢ Variations in practice patterns 


@ Difficulty that clinicians confront in assimilating 
scientific evidence into their practices 


The advantages of evidence-based approach include: 
@ It is objective. 

It is scientifically sound. 

It is patient-focussed. 

Incorporates clinical experience. 

Stresses good judgment. 


It is thorough and comprehensive. 
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The skills and abilities needed for application of 
evidence-based decision-making process are 


@ Convert information needs and problems into clinical 
questions so that they can be answered. 


@ Conduct a computerized search with maximum 
efficiency for finding the best external evidence with 
which to answer the question. 


@ Critically appraise the evidence for its validity and 
usefulness (clinical applicability) 


@ Apply the results of the appraisal or evidence, in 
clinical practice. 


@ Evaluate the process and your performance. 


Research reports that are deemed acceptable are pooled 
and reviewed as a whole to create a novel body of research 
evidence on a particular condition and its treatment. The 
systematic process by which these reviews are 
compiled has given rise to the term “systematic reviews.” 


It may be argued that clinicians can find great value in 
systematic reviews because these communications are 
intended as statement of the best available evidence on 
any given topic at any given moment in_ time. 
However, systematic reviews do have 2 major 
drawbacks: (I) their relative size—to do justice to any 
segment of the research literature, these reviews often 
must exceed several hundreds of pages 


(2) The danger that they may be quickly outdated—the 
pace of research advancement is far greater than that of 
the arduous process of redacting a systematic review. 


An alternative to a full-fledged systematic review and one 
that is often taken as an initial step toward a systematic 
review is the overarching analysis of several studies (meta- 
analysis). Although this process may generate a faster 
outcome, the technical nature of these reports often 
precludes immediate and practical use of the bottom-line 
findings in a treatment decision-making process. 


What appears to be a productive approach to the 
actualization of evidence-based dentistry is to instruct and 
train individual dentists in the fundamentals of critically 
evaluating the research literature, or to do it for them ina 
form that is accessible and informative. 


The former and the latter facets of evidence-based dentistry 
are intertwined and are best presented and incorporated in 


wy 


Section -XIl 


this chapter. What appears to be a productive approach to 
the actualization of evidence-based dentistry is to instruct 
and train individual dentists in the fundamentals of critically 
evaluating the research literature, or to do it for them in a 
form that is accessible and informative. The former and the 
latter facets of evidence-based dentistry are intertwined 
and are best Indeed, the fundamental criteria that separate 
acceptable from non-acceptable research (e.g., QUORUM, 
CONSORT, PIC/PO, SESTA)are explicated and their use is 
exemplified. 


It is not unusual for researchers to underestimate the 
complexity of making diagnoses, of making the appropriate 
decision for treatment, of carrying out the intervention 
plan, and of evaluating the outcomes. It is also true that 
clinicians often assess some what incorrectly the inter 
twined domains of research. For example, if we must 
establish some hierarchy of research benefit for the 
patient, then possibly both researcher and clinician would 
agree that the Randomized Blinded Trials (RBTs) could 
provide, undercertain circumstances, the most appropriate 
information. 


Researchers may disagree with the over arching statement 
that RBTs represent the “golden” road of research,the sole 
and utmost provider of research findings to benefit the 
patient. Researchers may also disagree with the argument 
that bench research (in vitro molecular and cell biology 
experiments, animal studies) contributes almost nothing to 
evidence-based dentistry. 


This may be achieved by recognizing that there are 
essentially 3 domains of research that pertain to evidence- 
based dentistry. We may seek to identify the status of a 
patient—that is to say, to diagnose, and to establishthe 
presence or the absence of a condition. 


Researchers may have devised a novel and improved 
diagnostic tool, which is the purview of the research 
report under consideration. Certainly, this is not an RBT; 
and equally certain are the intrinsic value of this piece of 
research to the body of evidence-based dentistry, should it 
satisfy the criteria of excellence noted previously. 


In the same vein, we may want to understand the 
fundamental biologic mechanisms of a certain condition 
and its aetiology or of a given drug or treatment, or the 
fundamental biophysical mechanisms by which a novel 
material or tool works. These research questions are also 
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not addressed in the context of RBIs, but their answers, 
provided that they are obtained in sound (reliable and valid) 
research are critical to the continued advance of evidence- 
based dentistry. 


Lastly, yes, we have studies aimed at monitoring the 
course of a condition: patient management studies, we 
could say, or we could label them by their technical name 
—prognostic studies. 


RBTs are but one form of the prognostic study, which, 


in factsmore often than not suffers from _ the 
impracticability of sound and appropriate 
randomization, controls, or blinding (hence, we find in 


the literature, uncontrolled trial, non-blinded [or single 
blinded] trial, non-randomized trial). In brief, RBTs do 
provide information that is most directly applicable to 
the individual patient in the context of evidence-based 
dentistry if, and only if, they satisfy the fundamental 
criteria of research methodology identified previously in 
this article and if, and only if, they rest on sound status 
research and mechanisms research. 


In conclusion, it is self-evident that evidence-based 
dentistry is a novel approach to the practice of dentistry. 
It is an approach that seeks to identify, to evaluate, and to 
integrate the best available research evidence in the 
clinical decision-making process in order to increase the 
benefit 
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and decrease the risk (and cost) to the patient. It is the 
means by which fundamental research finds its way to the 
dental chair. At its optimum, evidence-based dentistry 
is also the process by which dentists communicate to 
researchers specific needs fornew research. Indeed, the 
National Institutes of Health has long espoused the 2-way 
transfer between work in the research setting (laboratory 
bench, clinical research centre) and the treatment of 
patients, under the rubric of translational research. 


As we have noted, recent years have seen an explosionof 
fundamental insights into the mechanisms of disease. The 
process of transferring this knowledge into practical 
advances in dental healthcare has moved more slowly. 
Federal funding (the National Institutes of Health and the 
National Science Foundation) and other public and private 
organizations support a significant amount of basic and 
clinical research, while industry supports the commercial 
development of new materials and tools. The vital bridge 
between these areas remains underserved. 


Moreover, the translation of clinical insights into hypotheses 
that can be validated in the research context is threatened 
by the rapid growth of managed care, because of which 
many academic dental centres, historically at the forefront 
of both basic and clinical research, see declining sources of 
revenue to support research. 
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Fig. 79.1:Evidence-based dentistry in the context of translational research. 
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TELEOLOGICAL AND HISTORICAL PERSPECTIVES 
OF EVIDENCE-BASED DENTISTRY: 


Role of Statistics: 


In this beginning of the new millennium, the process of 
evidence-based health care is expanding to include many 
branches of medical care, including dentistry, and it is widely 
accepted and represented internationally, including, as of 
late, countries with developing economies and healthcare 
systems. 


It is now well recognized that the power of the evidence- 
based approach has been significantly enhanced by the 
development of descriptive and inferential statistical 
analysis, by the techniques of systematic review, and by 
meta-analysis. Nonetheless it is also a fact that the field of 
Statistics itself consists of at least 2 principal domains that 
distinguish themselves based on the irrespective definition 
of the population. 


One view defends an absolute, unchangeable population 
(Classic Fisherian frequentist statistics). The other 
views the population as a relative entity—a movable 
target, as it were—which is ever better defined as new 
information about it is generated from individual pieces 
of research (Bayesian priorist statistics). The camp we join 
determines what slant we give to our systematic meta- 
analytical review of the data. 


In brief, we submit here that Evidence-Based Dentistry is 
a complex endeavour that requires research unto itself. 
It is a vast field that addresses the nature of the best 
available research evidence, as well as psycho-cognitive 
issues pertaining to the reader of the research, the dentist 
who applies the research evidence, and the patient who 
has the right to question treatment modalities based on 
novel evidence and socio-environmental issues that 
pertain to the political and economic spheres. 


The evidence-based approach is a meta-construct, an 
umbrella of diverse domains that are inter connected by 
the common thread of striving to improve the 
dentist’s skills for the benefit of the patient and society 
and that call for an articulated multi dimensional research 
program. 


Research on Research: 


Despite the variety of domains and approaches to research, 
the outcome common to all research endeavours is the 
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discovery of new information, of uncovered facts, of novel 
evidence, that contributes to the continuing generation of 
knowledge. 


In Plato’s Meno,we read of the fundamental question of how 
it is possible to acquire new knowledge. These queries are 
as pertinent today in the realm of evidence-based dentistry 
as they were in antiquity. 


Plato’s dilemma can be stated in simple terms as follows: 
either one already knows what one is trying to learn, in 
which case, the process of learning is mute, or one does 
not already know what is to be learned, in which case, it is 
notpossible to know whether the process of learning has 
actually been successful. In other words, Platoskil fully brings 
forth the fundamental question of whether one can and 
should learn from experience and by what accountability 
measure this learning can be assessed. These queries are as 
pertinent today in the realm of evidence-based dentistry as 
they were in antiquity. 


Threats to the internal and the external validity:* 


Internal validity: how well the study adheres to the study’s 
constraints 


Threats to internal validity (history, maturation, instrumen- 
tation, selection, mortality) 


@ History that is the series of events that occur at 
the time the research is carried out that can alter 
the subjects’ responses (internal history: psycho- 
emotional stress during the study; external history: 
earthquake). 


@ Maturation that is the normal process of biological 
and psycho-cognitive development and aging subjects 
undergo during the process of research that may alter 
their responses (particularly important in long-term 
studies and paediatric research). 


@ Instrumentation that is inconsistencies in 
measurement, such as that produced by changing 
reference standards, observers’ or 
instrument calibrations during the process of a 
research study. 


@ Selection that is group differences that exist prior 
to the onset of the study, such as that due to 
inappropriate sampling process. 

@ Mortality, that is to say, the loss of subjects (drop-out) 
preferentially in one rather than the other groups 
being tested. 
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External validity: how generalizable the study’s outcomes 
are to the population 


Threats to external validity (selection of subjects, of 
treatment, and of dependent variable) 


@ Selection of subjects, that is sample selected 
inappropriately to be _ representative of the 
population (many psychological tests [like anxiety] 
were characterized with samples of college students 
in the Midwest in the mid 1960s: their validity can be 
questioned for use with dental patients today). 


@ Selection of treatments, that is the treatments and 
experimental conditions tested do not represent the 
set of conditions inthe real world they are meant 
to represent (Studying the effects of AZT in vitro at 
concentrations that by far exceed the concentrations 
found in body fluids of HIV-seropositive patients). 


@ Selection of dependent variables that is the 
dependent variable tested does not represent the 
outcome measures there search intends to study 
(Use of the profile of mood states in a study of major 
depression). 


* Adapted from Campbell and Stanley. 
Knowledge generation: 


Modern cognitive theories view knowledge and learning 
from diverse perspectives,which all could conceivably 
contribute significantly to the improvement of the 
presentation and packaging of novel research evidence for 
learningand use by dentists for the benefit of patients. 


The generative model of learning, which proposes a 
Bayesian view on knowledge acquisition, appears to be an 
appropriate theoretical model for studying evidence-based 
dentistry. The generative model proposes that learning is a 
continuous process of association and integration of prior 
experiences tonovel information, such that a continuously 
evolving framework of knowledge ensues. Generative 
learning is an active process, by which the learner is 
exposed to new evidence and adapts and transforms prior 
learning and knowledge with the elements provided by the 
new information. 


In the context of evidence-based health care ingeneral and 
evidence-based dentistry in particular, generative learning 
takes into account the dentist's training and established 
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knowledge, as well as experiential learning prior to the 
availability of a particular set of novel evidence.From the 
viewpoint of the generative learning theory, evidence-based 
dentistry requires that the dentist integrate the baggage of 
available prior knowledge to the new evidence to accede to 
a higher level of understanding, a higher schemata (to use 
the appropriate Piagetian term),where the best available 
novel evidence now comes to form a new gestalt with the 
ultimate aim of optimizing treatment for a specific patient. 


The important question remains, however, as tothe nature 
of the evidence, which ought to be considered by the dentist 
in this process of knowledge generation. Traditionally, the 
evidence considered in evidence-based health and dental 
care comesfrom meta-analyses of randomized controlled 
blinded trials. Trials are a special set of clinical studies, 
which themselves are a special type of experiments, where 
the subjects are patients and the experimental arm of 
the study consists of the mode of treatment intervention 
under testing. 


While experiments are simple to define in that they only 
require a control group and random assignment of the 
subjects to the control and the experimental groups, they 
are in actuality difficult to conduct because randomization 
is rarely attainable inabsolute terms, and control groups are 
often in adequate. Hence, the term quasi-experiment was 
coined, and a series of threats to the internal and external 
validity of these studies were detailed(Table). 


Whereas non-randomized and _ non-controlled trials 
are found in the research literature more often than 
methodologically correct randomized controlled blinded 
trials, this is in actuality rarely noted in meta-analytical 
reports. 


Moreover, it is often the case that clinical studies cannot, 
because of design, sampling, or measurement constraints, 
be experimental or quasi-experimental in nature. Rather, 
they need to rely on careful and methodical observation of 
the phenomena under study. 


Observational studies, often discredited in meta-analytical 
review of the evidence, can provide critical new evidence 
that cannot be obtained in any other model ofresearch. 
They vary in structure, designs, and limitations based on 
the type of research question they seek to answer: 


¢ A “What will happen in the future?’’—type question 
pertains to a cohort study, be it prospective (from 
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today into the future) or retrospective (started in the 
past until today). 


@ A “What is happening right now?’’—type question 
calls for a cross-sectional study. 


¢ A “What caused the signs and symptoms | 
observe today in these few patients?’’—type question 
entails a case-control study. 


It is noteworthy that the evidence produced by each of 
these observational designs is bound by the constraints 
and limitations proper to the design itself, such that, for 
instance, only cohort studies provide information on the 
incidence of a given condition, whereas as prevalence 
and relative prevalence can only be obtained from cross- 
sectional designs. Odds ratios are generated from data of 
case-control studies. 


Also, there are 3 main domains of research designs that 
should be seriously considered in the generative process 
of evidence-based dentistry. Besides the formal synthesis of 
clinical experimental research in meta-analytical analyses, 
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which when correctly performed can produce substantial 
richness of novel information and evidence for direct 
application to the clinical reality, there are 2 others with 
which dentists must become acquainted: 


@ Fundamental research with animal cultured cell lines 


@ Biomaterial testing, which provides research data 
with immediate, direct relevance to the improvement 
of dental practice. 


Extrapolative syntheses from these investigations and from 
observational studies can indeed result in novel evidence 
with significant and important implications for evidence- 
based dentistry. 


Health service-type research, including public health 
research (access, satisfaction, insurance coverage), research 
on psycho-emotional parameters of dental practice (dental 
anxiety, dentists’ stress and depressed moods), and field 
research in dentistry (participant observation) also 
require an integrative process of synthesis, with immediate 
implications and applications to evidence-based dentistry. 


How to describe the “‘population’”? 


We could estimate its properties based on 
what we know already about after we test 
several samples from it (prior info.) 


This is called a frequentist view of 
the population (Fisher, Pearson) 





We could estimate its properties based on 
data from the sample (i.e, the frequency 
distribution of the data) 


This is called a priorist 
view of the population 
(Bayes) 


Fig 79.2: How to describe the "population"? 


In contrast to these sets of research designs, which address 
to a greater extent the prognosis of certain conditions, the 
applied nature of diagnostic studies tends to set them aside 
from the mainstream of research and often to preclude 
their analysis and integration in evidence-based dentistry. 
This practiceis ill-advised since diagnostic research is at 
thecore of progress in dental treatment intervention. 


Information such as positive and negative predictive values, 
sensitivity, and specificity of novel assessment tools for 
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diagnosis is critical for the appropriate generative process 
of knowledge development and establishment in dentistry. 


In summary, as we progress in the domain of evidence- 
based dentistry, we must relinquish our attachment and 
dependence on _ seemingly optimally controlled and 
randomized blinded trial asthe sole, prime, or putatively 
best source of novel evidence. 


We must come to understand that there are other sources 
of research evidence, each originating from a different 
research domain and research design and each having to 
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obey a set number of constraints and limitations beyond 
which the data can hardly be valid. The plethora of available 
research findings impinges on the field to consider not only 
a large spectrum of research but also the variety of their 
methodological and biostatistical domains. 





Derived from research 
(“posteriors’’) typically 
consist of 


Filters 


Integrative Synthesis of 
Health service studies 
(public health, psychosocial, etc) 
“Implication and Application Research” 


Evidence-Based Dentistry 


Evidence Based Dentistry 


It will be important to define and characterize the optimal 
set of research criteria from which the most reliable 
evidence can be derivedfor a given clinical question. That 
is to say, one important component ofthe meta-construct 
of evidence-based dentistry that requires elucidation 
and refinement in the next decade is the nature of the 
research to be pooled. Research on the available research 
will be a key determinant of the success of evidence-based 
dentistry. 





Formal synthesis of clinical 
studies (meta analyses of 
RBT etc) 

‘Application Research” 





Extraapolative synthesis of 
experimemental studies (animal, invitro’, 
materials,etc) “ Implication Research” 


Fig 79.3: Evidence-Based Dentistry 


TEACHING E-BD TO DENTALSTUDENTS/RESIDENTS 


To successfully teach E-BD, the faculty should be 
committed to train the students; to train them as 
practitioners of evidence-based clinical decision- 
making. Evidence of faculty commitment to training 
practitioners of E-BD is manifested by, 


¢ Devoting time toreviewing rules of evidence as they 
relate to articles concerning therapy, prognosis, 
diagnosis, and overviews; 


@ By having discussions based on clinical problems and 
the original articles relevant to the problems; 


@ By providing ready access to facilities for searching 
the literature; 


@ By assessing the residents’ skill levels in searching 
the literature and on their performance incritical 
appraisal exercises; and 


@ By exposing the residents to faculty role models who 
practice evidence-based clinical decision-making. 
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Teaching the principles of E-BD requires faculty who 
enthusiastically support E-BD and are effective teachers. 
Effective faculty role models specify the strength of 
evidence that supports clinical decisions. For example, the 
instructor can point to several randomized clinical trials 
that have been rigorously reviewed and included in a meta- 
analysis that outline how a patient should be treated to 
resolve a problem. More commonly, the best evidence 
may come from accepted clinical practice or one’s clinical 
experienceand instincts. 


An effective teacher of E-BD makes clear to students 
the basis on which decisions are made: that is, clinical 
evidence or clinical experience. For example, when asked 
the rationale for prescribing antibiotics for patients with 
open mandible fractures, the effective teacher would point 
out that two randomized clinical trials are available in the 
literature that show that antibiotics decrease postoperative 
infection rates by more than 70% when compared with the 
control group. When asked how long antibiotics should be 
prescribed for such a patient, however, one should say this 
problem has not been systematically studied and that I0 
days of treatment may be recommended. 
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Shorter or longer courses of treatment, however, maybe 
equally reasonable. In this latter situation, rigid insistence 
on following a particular course of treatment would 
be inappropriate.The development of critical appraisal 
exercises is a key element for teaching trainees the 
principles of E-BD. When selecting clinical problems to 
review, issues arising from clinical situations should be 
chosen that currently challenge the students. Relevant 
clinical problems demonstrate that the critical appraisal 
exercise is pragmatic and central to patientcare, and not 
simply of academic interest. 


Good problems to select for critical appraisal exercises 
areones that the learners recognize as important, feel 
uncertain regarding treatment, and do not fully trust expert 
opinion (because experts have disagreed). 


When introducing methodologic criteria for assessing the 
validity of the literature, the criteria should befew and 
simple. Published criteria may overwhelm thenovice. 


For example, some suggested criteria for studies of 
diagnosis include: 


(1) Has the diagnostic test been evaluated on a patient 
sample that included an appropriate spectrum of 
mild and severe, treated and untreated disease, 
plus persons with different but commonly confused 
disorders, and 

(2) Was there an independent blind comparison with a 

gold standard diagnosis? 


As learners become more sophisticated, additional criteria 
can be introduced. The criteria should not be presented in 
such a way that fosters a negative attitude, i.e. if the study 
has not been randomized, it is useless. Instead, the criteria 
should be presented in a way that helps students arrive 
at the strength of inference associated with the clinical 
decision. 


Step |: Clearly define patient’s clinical problem and specify 
it aS a question 


Step 2: Identify needed information to answer the clinical 
question 


Step 3: Efficiently search the clinical literature and select 
relevant studies 


Step 4: Apply rules of evidence to assess validity of the 
studies 


Step 5: Present efficiently the content, strengths, and 
weaknesses of the articles to colleagues 
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Step 6: Extract clinical message and apply it to solve the 
patient's clinical problem 

Many difficulties can be anticipated in teaching 
or implementing E-BD. Trainees commonly _ have 
rudimentary critical appraisal skills. Consequently, E-B D 
may be threatening to the trainees because they do not 
like to reveal their ignorance. In addition, people like 
simple, direct answers. Cookbook medicine has its appeal. 
E-BD, however, is not a cookbook approach to clinical 
decision making. 

Critical appraisal exercises as a strategy for solving clinical 
problems are most appropriate for questions common in 
one’s practice. Therefore, a single critical appraisal exercise 
may be used repeatedly. Critical appraisal exercises involve 
additional time and effort and may be perceived as 
inefficient and distracting from the trainees’ real goal of 
providing optimal care for their patients. For many clinical 
questions, high-quality evidence is lacking. Identifying 
definitive articles that unambiguously offer solutions to 
clinical problems is rare. If such questions predominate in 
an attempt to introduce the critical appraisal exercise, a 
sense off utility may result. 

Finally, the concepts of E-BD are met with skepticism 
by many faculty members. The faculty may _ be 
unenthusiastic about modifying their teaching and 
practice according to the principles of E-BD. 

The threat to trainees’ intellectual egos may be reduced 
by making contracts that set out modest and achievable 
goals. This threat can be further reduced by attending or 
faculty role models who practice E-BD. The perceived 
inefficiencies of practicing E-BD may be reduced by 
teaching effective searching skills, providing ready access 
to computers, and using simple guidelines to assess the 
validity of articles. 

Futility may be reduced in the early stages of introducing 
E-BD by targeting critical appraisal exercises in areas where 
there is likely to be high-quality evidence that will affect 
clinical decisions. In implementing evidence-based teaching, 
the lack of high-quality articles has been a challenge to 
over come. Faculty skepticism may be reduced by 
introducing them to the precepts of E-BD with the use of 
forums such as this review article and associated 
bibliography and making available courses on critical 
appraisal of clinical evidence. 

It can be started by scheduling al-hour bimonthly conference. 
During the residency, each resident will be exposed to 18 to 
24 hours of E-BD principles. Initially, the faculty selected 
common clinical problems to review. For example, we 
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have reviewed the role of corticosteroids in alleviating 
post operative swelling, prevention and treatment of 
localized alveolitis, and the use of prophylactic antibiotics 
in maxillofacial surgery. As the residents become more 
sophisticated practitioners of E-BD, they are encouraged 
to submit clinical problems derived from their own 
experiences. Each resident is assigned a clinical problem 
and performs a clinical appraisal exercise. 


All the residents start with similar background knowledge 
derived from reading an excellent series of articles reviewing 
the principles of E-BD. They comple tea course in using 
online medical databases. To facilitate the dissemination of 
the clinical recommendations based on the exercise, the 
resident distributes a bibliography and a summary of the 
recommendations. These bibliographies and summaries are 
filed for future reference. 


Evidence and Recommendations: 


In order to give a recommendation, it should be supported 
by evidence. The level of evidence determines the level of 
recommendation. 


Some studies can have issues on internal and external 
validity. Some studies may not be a randomized controlled 
trial (RCT) or may not be analysis of some other kind or 
without any analysis. A poorly designed RCT may lead to 
errors in interpretation as well-run studies may not have a 
respected study design. 


Table 79.1: Levels of Evidence 


| Evidence from at least one properly randomised 
controlled trial 


lI Evidence from at least one _ well-designed 
controlled trial without randomization, from 
cohort or case-control analytic studies, preferably 
from more than one centre, from multiple time 
series, or from dramatic results in uncontrolled 
experiments 


Evidence from opinions of respected authorities 
Ill © on the basis of clinical experience, descriptive 
studies, or reports of expert committees 


If the most valid studies showed no effect from a given 
intervention and less valid studies with poor design or 
small numbers showed a positive effect, the conclusion 
should be drawn that no real effect existed. 
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lf an externally and internally valid study showed no effect 
whereas those with lower validity did show an effect, the 
conclusion should be that the intervention effect was real 
but small. 


Thus, the monitoring of validity is essential, and the advice 
should be based on the most robust evidence available. 


Table 79.2: Recommendation 


Level | Recommendation 


A Good evidence to support a recommendation 


for use 
B Moderate evidenceto support arecommendation 
for use 
Cc Recommendation for or against use based on 
poor evidence 
D Moderate evidenceto support a recommendation 
against use 
: Good evidence to support a recommendation 
against use 
NR No evidence’ available to make a 


recommendation. 
Conclusion: 


A new model of clinical practice is arising from a growing 
awareness of the limitations of traditional determinants 
of clinical decision making. E-BD deals directly with the 
uncertainties of clinical practice. It is a pragmatic approach 
to clinical decision making in the face of uncertainty. 
E-BDis not restricted to randomized clinical trials and 
meta-analyses. Instead, it involves tracking down the best 
evidence needed to answer the clinical question. 


If no clinical trials are available, we must identify the next 
best source of external evidence to make decisions. 
Commonly, clinical trials are not available. Therefore, we 
need to apply rules of evidence to available data to assess 
the strength of our recommendations on the basis of the 
available resources. 


This commonly requires the integration of clinical 
experience with critical appraisal skills. The accomplished 
practitioner of E-BD has developed both clinical and critical 
appraisal skills. Without clinical expertise, practice risks 
becoming dominated by evidence that may be inapplicable 
or inappropriate for an individual patient. Without current 
best evidence,however, practice risks becoming outdated 
to the detriment of the patient. 
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Many ideas presented in this review are not new. The idea 
of reading the literature to gain information regarding the 
clinical management of patients is not new. The technical 
advancements in clinical research methods, ready access 
via computer to medical databases, and the development 
of criteria to assess the validity of the literature has made 
E-BD a practical reality. 


Clinicians face a virtual explosion of information with ever 
decreasing time available to read the literature. More than 
600,000 articles are published each year in the biomedical 
literature. Even the most diligent and prepared clinician, 
reading two articles a day, would at the end of | year be 
800,000 years behind. 


E-BD aids the clinician in selecting relevant articles and 
efficiently extracting and applying the information from 
the article. It requires new skill sets that faculty should 
be equipped to teach. This article reviewed strategies 
for introducing the principles of E-BD, but the education 
process needs continual refinement. 


Incorporating E-BD into postgraduate clinical education 
and continuing to refine its application to clinical practice 
will result in more rapid dissemination and integration of 
this new model for making clinical decisions. 
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Chapter Outline: 


e The Economics of Dental Care. 
e Methodologies employed for economic calculation 
and decision making. 
= Cost-effectiveness analysis. 
= Cost-utility analysis. 
= Cost-benefit analysis. 


Periodontal disease a silent worldwide epidemic, owing to 
its asymptomatic character in incipient stages and insidious 
nature, takes people by surprise. The intensity, extent and 
progression of periodontal diseases are strongly influenced 
by personal oral hygiene and care, cultural habits, dietary 
habits, systemic diseases and public preventive, diagnostic 
and therapeutic treatment deliverance. 


Deterioration in periodontal status with progressing age is 
often noted.A study in Hong Kong noted that in comparison 
to only 6 % of |2-year-olds who had healthy gums, all the 
elderly population above 65 years experienced bleeding 
gums, and over half of them endured deep pockets. 


Periodontal therapy aims to achieve long-term retention 
of natural teeth in a healthy, functional, aesthetically 
satisfactory, and painless state. 


To treat chronic periodontitis, the established surgical, as 
well as non-surgical treatment methodologies, have been 
prevailing for quite some years. It has been documented 
that for treatment of deeper pockets, surgical treatment is 
necessary to rectify the underlying bony defects. 


Additionally, chronic periodontitis is a slowly progressing 
condition, which makes it difficult to ascertain the short 
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e Strategies to Encourage Access and Remodel Oral 
Health Care Services. 

e Augment dental manpower. 

e Principal references and suggested further reading. 


term results of therapy, which in turn may lead to deficient 
treatment. 


However, non-surgical treatment methods are gaining 
acceptance, owing to a number of factors. These factors 
may include amongst others, the dearth of data on the 
amount of deposit that can be left on tooth surface and 
yet stabilize the inflammatory component of the lesion; 
insufficient record maintenance; inconsistent follow—up 
and the undeniable positive economic repercussions of not 
further referring the patient. All these are owing mainly 
to the perceived and anticipated costs and lack of clarity 
about outcomes of periodontal surgery. 


In public sector, specialist periodontal treatment is 
expensive. The management of periodontal diseasesis 
hugely determined by the national economic prosperity, 
technology availability and deployment of dental workforce 
and resources. Lesser per capita income countries cannot 
afford to devote much resources towards effective 
management of dental diseases. 


In below poverty line nations, periodontal services are 
almost non-existent. Thus, economics plays a major role in 
the effectual management of periodontal diseases.Adopting 
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new technologies into practice is widely determined by 
the enhanced therapeutic sequel, as well as low investment 
feasibility and costs incurred. 


Periodontists charge more when compared to general 
practitioners. Supportive periodontal therapy costs vary 
not only according to different stages of periodontitis 
— aggressive or mild, generalized or localized but also 
according to different types of teeth — single rooted — 
multirooted and different amount of bone loss. 


In USA, it was noticed that elderly in comparison to the 
younger individuals received lesser periodontal therapy. 
This could be attributed either to deprivation of old age 
medical insurance or loss of teeth. A study in Germany 
found that even in a periodontally compromised status, 
retaining a tooth via supportive periodontal therapy was 
more economical when compared to the alternatives like 
implants, prosthesis. 


It has been notedthat use of ultrasonic instrument for 
single-rooted teeth may yield a time gain as compared with 
manual method. Considering the additional costs incurred 
in procuring ultrasonic, laser or other machine-driven 
instruments infers extra costs, scaling and root planing using 
manual scalers may be consideredthe most cost-effective 
modality fortreatmentof mild and moderate disease. 


Since the idea of preventive dental care is yet to catch up 
on a large scale, especially the low-income group seeking 
prophylactic dental care is almost non-existent. 


In America, it has been noted that subsequent to significant 
cut in Medicaid for adult dental services, a reduction in 
oral health care access in low-income adults was noted. 
Since these individuals cannot afford to pay from their 
pockets, they are about 50% less inclined to visit a dentist, 
in comparison to higher income groups. Hence, untreated 
caries and tooth loss due to decay or gum disease are also 
more common in this section of people. lo compound this, 
untreated oral disease leads to lost workdays and, also 
unaesthetic and conspicuous decayed teeth, which cuts 
down employment opportunity. 


The British Dental Association nomenclature “dental 
deserts” refers to areas where individuals need high 
priority care often face great hindrance to NHS care, with 
care in these areas being deficient and inept. 
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Dental practice is influenced by the payment system. 
Traditional indemnity insurance system ensured that when 
dentists provided treatments covered under the scheme, 
they received reimbursements. This method allowed 
dentists to choose the best treatments, although at times 
it resulted in unnecessary treatment and exorbitant costs. 


Financing schemes vary from fundamentally state-backed 
finance to substantial private prepayment to negligible 
third party payment. 


Dental insurance is considered a luxury than a necessity, 
with income being a decisive factor in choosing for dental 
insurance. In more than 94% of cases, treatment is paid 
for by the patient himself. The relative advantages and 
disadvantages of different remuneration systems has been 
scrutinized, with most arguments focused on whether 
capitation scheme systems offer more impetus for enhanced 
care than fee-for-item [FFI]. 


Public health care policies are often driven by the demand— 
supply chain. Consumer demand and response for dental 
care is inversely proportional to the cost of dental services. 
Market for periodontal services is hugely dependant on 
the economic and social situation and educational level 
prevailing in the population, their understanding of the 
essentiality of seeking professional dental care and their 
ability to pay for the services. 


Family size, insurance, medical history, ethnicity and age 
along with human and non-human resources are other 
factors which determine the services provided versus 
services needed. Both user prices and non-user price’ 
costs (e.g., time) have been known to influence the number 
of dental care visits. 


The Economics of Dental Care: 


The commercial feasibility of periodontal services is 
interdependent primarily on three factors: 


|. The population density. 


2. The prevalence and magnitude of periodontal diseases 
within this population. 


3. How equipped is the society to effectively forestall 
and manage the periodontal diseases. 


The methodology of economic evaluation is gaining 
acceptance as for assessment of healthcare programmes. 
lt may be defined as “‘the comparative analysis of 
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alternative courses of action in terms of both 
their costs and consequences. It is sparsely used in 
dentistry. 


It assimilates the measurement of both costs and benefits 
of healthcare. It consists of two components. 


a. Costs and ramifications of the various health 
programmes 


b. Arrangements to allocate resources 


Three main theories can guide allocation of capital to 
healthcare: 


The Utilitarian Theory: Suggests that healthcare should 
be executed such that it maximises the societal health, 
regardless of the manner in which it is dispersed. e.g.: 
Reduce infant mortality rate 


The Egalitarian Theory: Based on hypothesis that each 
individual of the society has equal claim to health care 
resources. 


The Rawlsian Theory: Conceptualizes that every individual 
has equivalent right to health care system, and when making 
socio-economic decisions, the lower disadvantageous rung 
of society should have maximum benefit. 


Methodologies employed for economic calculation 
and decision making: 


Cost-minimisation analysis: 


This form of evaluation is used when the conclusion of two 
procedures that are being compared are the same. It is also 
essential that the results of the alternate initiatives should 
be proven to be identical if the method is used. 


This methodology aims to find the lowest cost programme. 
e.g.: supposing a third molar was extracted as an in- 
patient and as out-patient, with identical outcome in 
both methodologies, and then this analysis can be used to 
calculate the least cost treatment. 


Cost-effectiveness analysis: 


Was in vogue till the 1980s and decides upon the best and 
least expensive way of providing the healthcare that has 
been decided upon. This methodology is employed when 
programmes have degree of difference in outcomes and 
have varying costs and yet have similar outcomes. 
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This analysis is used to decide method for achieving identical 
therapeutic results in terms of the same natural unit of 
measure (e. g. number of fillings prevented). The results are 
put across as costs per unit of effectiveness. 


The greatest limitation of this method is that it cannot be 
employed in assessment of single programme nor can it be 
used in programmes with varied outcomes. 


Cost-utility analysis: 


This technique is method of choice when assessing quality 
of life. The term utility designates the worth of a particular 
health condition or progress in that health aspect. It 
determines the least expensive method of completing 
matching therapeuticresults in terms of a constructed 
unit(e. g. quality-adjusted tooth years). 


Utility value 0 corresponds to death and | to perfect health. 
e.g.:when assessing changes produced in quality of life when 
an implant prosthesis is placed instead of a denture. 


Cost-benefit analysis: 


When the results of two healthcare initiatives are varied, 
then a common denominator like monetary assessment is 
used to compare the outcomes. It is different from cost- 
effectiveness, and cost-utility analyses in that expenses and 
advantages of healthcare are articulated in the same entity, 
like pounds, dollars,etc. 


lt can be used to gauge whether benefits outweigh the 
costs and hence estimates the worth of treatment. 


Cost analysis for management of dental diseases includes 
computing both direct and indirect costs. Direct medical / 
dental costs refer to those costswhichare used for dental 
and periodontal treatment. Direct non-medical costs 
include finances spent on clinic space, water, electricity and 
other utilities and patient's expenses for food and travel. 


Indirect costs indicated productivity loss on part of patients 
owing to time spent in seeking oral care. Cost-of-illness 
approach found that managing periodontitis requires 
considerable finances and is comparable to that spent on 
management of non—communicable diseases. Consumables 
contributed primarily to provider while transport was the 
most expensive for patients. 
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Strategies to Encourage Access and Remodel Oral 
Health Care Services: 


Continual increase in national level healthcare expenditures, 
without reciprocal increase in health, has led to development 
of health care quality measures. ADA established a 
consensus based Dental Quality Alliance (DQA) system 
aimed to give a headway to performance measurement 
systems through which improved oral health, patient care, 
and safety can be provided. 


Dentists have considered dental quality in technical 
procedures such as restoration finish, crown fit, or denture 
aesthetics. In comparison, the DQA conceptualizes dental 
quality as an all-inclusive entity encompassing the technical 
factors, but more importantly as a superior formulated 
process measures which ensures enhanced oral health 
care, backed by scientific documentation and confirmation, 
and measures of health outcomes. 


The current “access to dental care” is an all-inclusive 
concept, incorporating both factors external and internal 
to patient. Extraneous factors like adequacy of the dental 
personnel and commerce of care were crucial determinants 
of access. This factor was mostly economically based and 
related mostly to the supply side of the dental care system. 
The internal factors are patient based and relate directly 
to dental care requirement and are independent of the 
availability of that care. These factors amongst others 
include recognizing the need for care and dealing with 
religious, ethnical, cultural and language barriers. 


So today when assessing dental care access both the supply- 
demand factors need to be taken into consideration. Care 
today is largely dependent on the patient’s perceived need 
for care, willingness to solicit treatment and availability of 
care. 


However, there are certain groups which face constraints 
to avail this care. 


@ The poverty-stricken population and the unemployed: 
This community lacks adequate finances to seek 
suitable dental care. Although this group may be 
provided with some form of assisted care, they lack 
the resources to visit repeatedly the dental care 
centres. 


@ Rural populace: it is not economically viable to run 
a private dental practice in rural areas. Hence, these 
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people have to spend more time and resources to 
reach a dentist, and this factor complicates the issue. 


@ Uninsured: Lower socio-economic strata, lacking 
dental insurance backtrack when seeking dental care. 
Since they allocate money to more pressing issues, 
dental care takes a backseat. 


@ Patients with disabilities or restricted mobility: These 
people cannottravel to the clinics and arrangements 
for providing dental services at their residence should 
be initiated. 


@ Culturally and ethnically isolated population: Language, 
social and cultural beliefs and geographic barriers may 
act as a hindrance in accessing care. 


lt is essential to comprehend the multitude of barriers that 
prevent people from seeking dental care and efforts to 
overcome these must be initiated. 


This can be done by Establishing custom-made programs and 
evolving oral health care network through financial and non- 
financial incentives 


Organized efforts thorough motivating literacy drives will 
go a long way in educating the population about importance 
of oral health. Media and celebrity involvement can go a 
long way in creating oral health awareness. 


Patient incentives have been suggested as persuading 
improved dental treatment enrolment. New Mexico 
proposes to offer rewards for visiting dentist for an annual 
dental exam and undergoing prophylaxis. States may also 
contemplate synergistic involvement of governmental and 
nongovernmental organizations to provide support and 
incentives both to patients and service providers. 


They may also contemplate modifying reimbursement 
strategies targeting preventive dental care procedures. The 
importance of globally introducing dental insurance, in lines 
with medical insurance should be given more thought. 


Augment dental manpower 


Dental personnel expansion, through employment of 
trained and licensed dental therapists and hygienists, can 
augment dental care shortage, especially in rural areas, 
where dental facilities are sparse. These auxiliaries can 
perform routine preventive and restorative procedures. 
This system also bolsters dental care access,, especially to 
low-income groups. 
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Socio—economic disadvantage causes health disadvantage. 
When dentists do not get sufficient reimbursed and when 
patients need to spend out-of-pocket for both professional 
and other expenses,a situation is created which discourages 
dental care. 


The economics to support health care system can be 
based on: 


|. Tax based system: Here individuals to providing for 
healthcare through income taxes, purchases,etc. The 
funds so collected are amalgamated and contributed 
towards entire population, with government 
regulating the system. This system is followed in UK, 
lreland, Spain, and Portugal. 


2. Social health insurance system: In this system 
employee, self-employed, government and enterprises 
compulsorily contribute towards a single or multiple 
sickness funds. This is followed In Germany, France, 
Netherland and Belgium 


3. Private health insurance system: Health insurance 
premiums are directly contributed by individuals, 
organizations or companies to insurance companies, 
which integrates the risks across the _ entire 
membership community. This can serve as an 
alternative to social health insurance system and is 
in vogue in US. In France, Belgium and Netherlands 
this system supplements the existing social health 
insurance system. 


Changes in practice technique, with new technologies being 
incorporated into day to day practice is going to usher 
in a new phase of dentistry. With the greater association 
developing between systemic conditions and oral health, 
dentistry is bound to expand. 


To effectually fulfil the need for increased dental treatment, 
dental health personnel resources and the economics of 
treatment will have to be deftly handled. Another important 
point to be considered is that with patients having an option 
of choice alternative therapies, reach a decision based on 
least expensive treatment with proven outcomes. 


As the socio-economic and education levels are improving 
and the importance of aesthetic dentistry increasing, an 
enhanced the demand for dental services, in general, and 
periodontal services, in particular,will be noted in future. 
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Itis imperative that a system to augment primary prevention, 
and early detection/treatment of periodontal disease be 
initiated so that progression of disease is stalled which in 
turn would lead to enhanced cost reduction strategies. 


Nonconformity to periodontal treatment schedule cannot 
be blamed only on one determinant. Surveys should aim to 
assimilate and evaluate various social, cultural, emotional 
factors, and psychosocial stressors along with financial 
aspects in determining means to achieve a comprehensive 
periodontal treatment regimen. 


lt must be emphasised that in future dental insurance and 
managed dental care is going to be decisive factor for dental 
practice. Both governmental and private organizations 
should involve themselves decisively to achieve 
dental care amongst all facets of society. Tailored socio- 
economic policies are the need of the hour to achieve 
optimal dental care 


Principal references and suggested further 
reading: 


@ Brown LJ, Johns BA, Wall TP The economics of 
periodontal diseases. Periodontology 2000. 2002; 29: 
223-234. 


@ Chazin S, Guerra V, McMahon S. Strategies to 
Improve Dental Benefits for the Medicaid Expansion 
Population. Center for Health Care Strategies. 
February 2014. Available at http://www.chcs.org/ 
resource/strategies-to-improve-dental-benefits-for- 
the-medicaid-expansion-population 
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—is it important to us?. Br Dent J. 2000; | 88: 250-4. 


@ Gjermo PE, Grytten J. Cost-effectiveness of various 
treatment modalities for adult chronic periodontitis. 
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@ Guay AH. Access to dental care solving the problem 
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@ Gundala R, Chava VK. Effect of lifestyle, education 
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Chapter Outline: 


¢ Introduction. 

¢ Indications for treatment under general anesthesia 
¢ Clinical reviews. 

¢ Conclusion 


Certain cases of non-surgical and surgical periodontal 


therapy may need treatment under general anesthesia. 


General anesthesia (GA) has played an important part in 
dental treatment since |840’s. The modality used in dental 
surgery is less invasive than medical counterparts, as it does 
not require the administration of paralytic drugs and can 
avoid intubation in many instances. The patient is rendered 
totally unconscious and cannot feel pain during the surgical 
procedures. 


A survey was conducted in UK(1987) which showed that 
31% of those interviewed preferred dental treatment 
under sedation or GA. Dionne et al (1998) reported that 
2.8% of their sample of American population were already 
receiving dental treatment under intravenous sedation or 
GA, and other 8.6% would prefer this option, if available. In 
a study among young Saudi adults (2001), 13.9% preferred 
‘being put to sleep” and 9.8% preferred sedation for their 
dental treatment. A study among Canadian population 
(2005) revealed that 12.4% preferred sedation or GA for 
their dental treatment. 


The dentists can get authorized to administer general 
anesthesia after completion of special training which is 
not included in the traditional dental courses. They should 
complete the advanced education program accredited 
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Principal References and Suggested Further 
Reading: 


by Commission on Dental Accreditation (CODA), which 
includes training in deep sedation and general anesthesia. 
The ADA recommends continuing education of this group 
of highly trained dentists. 


Usually, periodontal surgery is performed in quadrants or 
sextants in multiple intervals. It can be beneficial to the 
patient if the entire mouth is treated in a single operation 
under general anesthesia. There are few case reports on 
periodontal surgery carried out under general anesthesia. 


Indications for treatment under _— general 
anesthesia: 
@ Uncooperative and apprehensive in nature — 


the prospect of multiple surgeries can create 
apprehension. 


@ Fear of dental treatment (response when threatened 
by danger) — such patients could tolerate severe 
dental pain rather than going for treatment. If 
the treatment could be done painlessly in a hospital 
setup than in the dental clinic, can allay the patient's 
fears for treatment. 


@ Trauma associated with injections 


@ Acute anxiety (anticipation of the possibility of danger 
and perceived to be less immediate) 
VY 
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Dental treatment of children 

Physical or mental challenges. 

Dental phobia 

Patients requiring complex dental treatment 
Intensified sensitivity to oral contact, nausea, and 
gagging 

Multiple dental extractions or implant placements or 


when multiple visits are needed to complete surgical 
treatment. 


Massive, generalized gingival enlargement may be 
difficult to perform under local anesthesia or may 
need multiple appointments for completion.A single 
surgery appointment could be made in general 
anesthesia to enhance patient comfort. 


Protection of patients with systemic conditions. 


Advantages: 


4 
4 


In unconscious state, absence of fear and anxiety 


Patient's favorable response to dental therapy after a 
session under general anesthesia. 


With complete mouth surgery in a single visit, there 
is reduced time needed for post-operative care than 
conventional surgeries on multiple appointments. The 
periodontal pack is usually placed only for | week in 
full-mouth surgery whereas it would span multiple 
areas over weeks in traditional methods. 


Hospitalization of patients with systemic diseases for 
treatment under GA can be helpful to handle any 
medical emergencies that can arise during periodontal 
surgery. 


Disadvantages: 


4 
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The risk of depressing cardiac and pulmonary 
function. 


lt requires specialists from many disciplines at the 
same moment if multiple treatments like endodontic 
therapy, periodontal surgery, extractions or implants 
are planned in the same session. 


Complications: 


Dental injury can occur during and after tracheal intubation. 
It includes fracture of crowns and roots of natural teeth, 
especially maxillary incisors. Partial luxation and avulsion 
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can also occur. Most of the damaged teeth have previous 
restorations or periodontal disease. 


These complications can happen immediately or after 
few days or weeks too. It can be avoided by using tooth- 
protective guards before intubation. 


Procedure: 


4 


Patient selection criteria are given by the American 
Society of Anesthesiologist (ASA) physical status 
classification can be used as a guideline to alleviate 
the risk. 


The fitness of the patient for surgery under general 
anesthesia should be approved by the patient’s 
physician and anesthetist. 


The patient is usually asked to report a day before 
the surgery. 


The entire surgical procedure should be informed, 
and consent should be taken. 


Patient with previous history of systemic diseases 
should be pre-medicated as needed. 


Pre-anesthetic medication is given the night before 
surgery, usually benzodiazepines. If the patient is too 
nervous, it can be taken on the morning of surgery. 
It ensures that the patient is completely relaxed and 
rested before the surgery. 


General Anesthesia is administered by 
ananesthesiologist, either by intravenous or inhalation 
routes. 


Supplemental anesthesia could be used at the surgical 
site — Local anesthesia can be used as per conventional 
surgical techniques to ensure patient comfort and 
reduce bleeding during the procedure. [2% lidocaine 
with adrenaline (1:!00000) | 


Periodontal surgery is performed with the patient 
lying down, with the head tilted upto30°. 


A periodontal pack is usually placed after the patient 
has recovered from anesthesia. If placed before 
recovery, the dressings can get displaced and block 
the airway. 


The patientis kept under observation for few days 
and then discharged from the hospital. 


Periodontics & Oral Implantology 


Chapter 81 
Clinical reviews: 


Ambalavanan et al have reported a_ full-mouth 
gingivectomy procedure under general anesthesia in a 
single session on a mentally retarded patient with 
phenytoin-induced gingival enlargement. 


Muralikrishan et al have reported a_ gingivectomy 
procedure using Nd:YAG lasers and surgical blades 
under general anesthesia for drug-induced gingival 
overgrowth 


Leong et al studied children aged 2-6 years scheduled for 
extraction under general anesthesia or without any local 
anesthetic or infiltration or intra-ligamental injection of 
local anesthetic. They reported that intra-ligamental group 
had significantly lower pain scores and appeared to be 
beneficial. 


Chanpong et al reported that 3.8 times of Canadian patients 
preferred sedation or GA for scaling and periodontal 
surgeries. 


Barbosa et alreported that general anesthesia could be 
a risk factor for bacteremia following dental 
extractions, increasing its prevalence and duration. 


Morrow et al have reported a_ post-operative 
temperature elevation of >38°C after a full mouth 
rehabilitation for crippled children under general 
anesthesia. They could not identify a single cause for this 
elevation and attributed it to the combination of 
treatment procedures and anesthetic effects. 


Bozich and Albert reported that conscious sedation could 
not be performed in patients with Eisenmenger syndrome 
(Cyanotic congenital cardiovascular pulmonary disease) due 
the inherent risk of bacterial endocarditis. They 
performed multiple dental extractions under general 
anesthesia. 


Hood et al studied the demographic nature of mothers 
of children under 5 years of age referred for extraction 
under general anesthesia. Over /5% of mother had 
finished their full-time education before age of |6 years. 
They were well-informed about causes of caries but 
were not aware of caries prevention. They were ignorant 
about the causes and prevention of periodontal disease. 


Pre-Operative Instructions for Periodontal 
and Oral Surgery’ with Sedation/General 
Anesthesia (AAP & AAOMS): 

Ambulatory (or outpatient) anesthesia is safe, convenient 
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and cost effective. In fact, periodontists and oral surgeons 
have an established history of providing quality anesthesia 
care in the office setting. 


Recent studies indicate that the mortality rate is 
| :600,000—750,000 for deep sedation/general 
anesthesia administered by the dental surgeon also 
performing the surgical procedure. To put this in 
perspective, the estimated risk of mortality/morbidity 
during general anesthesia administered for a 
tonsillectomy is |:40,000. 


General Anesthesia, IV sedation, or local anesthesia as well 
as virtually all drugs, medication and treatments carry an 
inherent risk. Periodontists and Oral surgeons have been 
at the forefront to promote regulations and parameters of 
care for anesthesia delivery to help reduce this risk to a 
minimum. 


No one should refrain from obtaining needed oral health 
care out of fear of anesthesia. It is important to realize 
that there is very little risk of anesthesia complications 
in the periodontal surgery office that follows established 
guidelines.lf you have any questions or concerns about 
anesthesia, discuss them with your periodontist. He will be 
happy to explain the procedure followed in the office. 


You have a right to be informed about your diagnosis and 
planned surgery so that you may make a decision whether 
to undergo the procedure after knowing the risks and 
hazards. This disclosure is not meant to frighten or alarm 
you. It is simply an effort to make you better informed so 
you may give or withhold your consent to the procedure. 


@ Do not eat or drink anything at least eight (8) hours 
prior to your appointment (including water). 


@ If you have food or liquid in your stomach while 
under anesthesia, you could vomit, and the contents 
of your stomach would enter your lungs and death 
could result. 


@ If your surgery is in the morning, do not eat or 
drink anything between bedtime and your scheduled 
appointment. 


@ If your surgery is in the afternoon, a light liquid 
breakfast before 7:00 AM is encouraged. 


@ Unless specified by your doctor, all medicines taken 
on a routine basis should be continued without 
interruption. 
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following surgery. Pain and tenderness will usually be 
relieved by using warm, moist packs in the area. If 


@ Please swallow with a minimal amount of water. 


@ Parents of small children must not permit their child 


to get food from other children, water from the 
bathroom sink, etc. 


A responsible adult, over 18 years of age, must 
accompany you to the clinic and remain here 
throughout the entire procedure. Following the 
sedation, this responsible adult must escort the 
patient home, and a responsible adult should remain 
with the patient for the next 6-8 hours. 


Minors (persons under the age of 18 years) must be 
accompanied by a parent or legal guardian. 


Do not ignore a head or chest cold when oral surgery 
is to be performed. Call us immediately if you have any 
symptoms as a change of appointment will probably 
be necessary. 


If you have ever had a severe illness of any type, please 
inform us (e.g. Rheumatic Fever, Glomerulonephritis, 
Diabetes, Porphyria, Lung or Heart problems,Asthma, 
Allergy history). Furthermore, tell us about any 
medications you are currently taking. 


If you have had a previous general anesthetic, inform 
us of the date of anesthetic and of any problems that 
you might have had with the anesthetic. 


Your mouth and teeth should be well cleansed to 


the problem persists, you should immediately contact 
your physician and/or our office 


Conclusion: 


Periodontal surgery under general anaesthesia could be a 
viable alternative for apprehensive patients. The pros and 
cons of such procedures under general anaesthesia should 
be considered before recommending this treatment 
option. 


Principal References and Suggested Further 
Reading: 
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Ambalavanan N, Vanaja, Arunmozhi U. Hospital 
periodontal surgery. Indian J Dent Res. 2005 Jul- 
Sep; 16(3):122-5. 


Barbosa M, Carmona IT, Amaral B, Limeres J,Alvarez 
M, Cerqueira C, Diz P General anesthesia increases 
the risk of bacteremia following dental extractions. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2010;1 10(6):706-1 2. 


Bory EN, Goudard V, Magnin C. Tooth injuries during 
general anesthesia, oral endoscopy and vibro-massage. 
Actual Odontostomatol (Paris). 1991;45(173):107- 
20. 


help avoid infection. If there is infection present, @ Bozich JG, Albert TW. Multiple dental extractions 
three percent (3%) hydrogen peroxide diluted to |/2 using general anesthesia for a patient with Down and 
strength should be used three times daily for two to Eisenmenger syndromes and periodontal disease. 
three days prior to your appointment. Continue to Spec Care Dentist. 1990;10(2):5 | -4. 
brush your teeth as usual. ¢ Chanpong B, Haas DA, Locker D. Need and demand 
Contact lenses must not be worn during surgery. Eye for sedation or general anesthesia in dentistry: a 
make-up should not be worn.A loose fitting short- national survey of the Canadian population. Anesth 
sleeve shirt or blouse should be worn as you will be Prog 52:3—I 1.2005 
wearing a blood pressure cuff during the procedure. ¢ Dr. Jerry Kohen - Dental Center. General anesthesia 
Do not wear wigs, or dark nail polish. Leave all for dental treatments. http://www.drjerry.co.il/en/ 
jewelry, dentures and glasses with the person who sectionsm/Dental-Anxiety/General-anesthesia-for- 
accompanies you. Also, plan to have someone care dental-treatments. Accessed April 19, 2017. 
for your minor children at home. 
@ General Anesthesia. http://www.|800dentist.com/ 
Upon the completion of your surgery, you will remain general-anesthesia/ .Accessed April 19, 2017. 
in the clinic until the doctor feels you are sufficiently 
@ Hood CA, Hunter ML, Kingdon A. Demographic 


recovered and are ready to leave for home. 


On occasion, inflammation of the vein in the area of 
the needle insertion will occur in the first 3/4 weeks 
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mothers of children aged 5 years and under referred @ Morrow JW, Seale NS, Berry CW, Love WD. Incidence 
for extraction of teeth under general anaesthesia. Int of temperature elevations after a full mouth dental 
J] Paediatr Dent. 1998 Jun;8(2):131-6. rehabilitation under general anesthesia.ASDC J Dent 
¢ Leong KJ, Roberts GJ, Ashley PF. Perioperative local Child. 1986 Nov-Dec;53(6):420-4. 

anaesthetic in young paediatric patients undergoing @ Muralikrishna T, Kalakonda B, Gunupati S, Koppolu 
extractions under outpatient ‘short-case’ general P. Laser-assisted periodontal management of drug- 
anaesthesia. A double-blind randomised controlled induced gingival overgrowth under _ general 
trial. Br Dent J. 2007 Sep 22;203(6): El 1; discussion anaesthesia: a viable option. Case Reports in 
334-5. Epub 2007 Aug 10. Dentistry Volume 2013,Article ID 387453, 4 pages 
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¢ Entamoeba gingivalis. 
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¢ Parasites that may affect the oral tissues and periodontium. 


¢ Principal sources and suggested reading. 


Entamoeba gingivalis and Trichomonas tenax are strict 


anaerobic commensal parasites that inhabit the oral cavity. 


They have been identified in diseased gingival pockets for 
decades and their role in periodontal disease remains 
unclear. 


BCAA Mo aT Nem a aT 
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Fig.82.1: Parasites in Oral Cavity 
Entamoeba gingivalis: 


Entamoeba _ gingivalis belongs to the class Lobosea 
(Rhizopoda), is one of seven Entamoeba species that 
commonly infect humans. 
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It is usually found as a commensal organism in the 
oropharynx. 


@ It prefers anaerobic environment. 


@ It is frequently found in the dental biofilm along with 
Trichomonas tenax. 


Prevalence: 


E. gingivalis is more common in patients with oral pathologies/ 
diseases, poor oral hygiene, periodontal disease, or immune 
suppression. Reports have shown varying amounts of its 
prevalence. 


Trim et al (2011) developed a Real-Time Polymerase Chain 
Reaction (RI-PCR) assay to detect E. gingivalis in gingival 
pockets. They concluded that E. gingivalis is only associated 
with diseased gingival pocket sites. 


Mode of transmission: 


E. gingivalis is transmitted almost entirely through oral 
contact, via droplet, mouth-to mouth transmissions and via 
utensils. 
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Morphology: 


¢ E. gingvalis trophozoites ranges in size from 8 to 
20 um 


has a single prominent central nucleus 
Multiple varying number of pseudopods 


It is motile, feeds on bacteria 


e¢- © © @ 


Divides by simple binary fission forming two daughter 
cells. 


@ The food vacuoles in cytoplasm contain phagocytosed 
remnants of white blood cells (leukocytes), epithelial 
cells of the host,bacteria and ingested RBCs. 





Fig 82.3: Entamoeba gingivalis (By Mark Bonner dmd (Own 
work) [CCBY-SA 3.0 (http://creativecommons.org/licenses/ 
by-sa/via Wikimedia Commons) 


Pathogenicity: 
It is generally considered as a non-pathogen. 
INGESTED  E. gingivalis has been identified in specimens obtained 
RED BLOOD CELL 


from uterus, cervix, neck lymph nodes, lung and in 
osteomyelitis of jawbones. 






NUCLEUS : : 
INGESTED LEUKOCYTE @ Some researchers view that it may play an 


opportunistic role in periodontal disease. 
identification: 
@¢ Morphologic identification using light microscopy 
(non-specific techniques) 
. oo <> Hematoxylin and Eosinstains. (identification may 
Fig 82.1: Trophozoite of Entamoeba gingivalis be difficult) 
<> Special stains: Gomori-Wheatley Trichrome, Iron 


Table 82.1: Differences between Entamoeba EMAC ID SANG Ie orstal- eine ivalls 


gingivalis and Entamoeba histolytica ¢ Specific molecular techniques. 
Sits Entamoeba gingivalis Entamoeba histolytica 
l. Susceptible to metronidazole Requires additional therapy. 
2. Does not produce cyst in vivo. All other Entamoeba species form cysts. 


It is the only amoeba to ingest WBC. They could be seen 
in the food vacuole. 


3. Does not ingest WBC. 


4. Morphology: 

8-20 um 

Multidirectional pseudopods. 

Coarse peripheral chromatin. 

Coarse karyosome (central nucleus). 

Food vacuole: basophilic fragments of leukocytic nuclei 
and cellular debris. 


10-60 pm. 

Single unidirectional pseudopods. 
Delicate peripheral chromatin. 

Fine karyosome. (central nucleus) 

Food vacuole: May contain erythrocytes. 
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Trichomonas tenax: <> Hemolysins: protein-like and lipid like hemolysins. 
It is a flagellated Protozoan and was earlier known as ew _FLAGELLA 


Trichomonas buccalis. 
@ It belongs to the class Zoomastigophora. 
@ It is classified in the same genus as Trichomonas 


vaginalis. NUCLEUS 






Prevalence: UNDULATING —————> 
MEMBRANE 


¢ Widespread protozoan that inhabits the human oral AXOSTYLE 


cavity 
TI. tenax is more frequently found among people with 
poor oral hygiene and with advanced periodontal 


diseases. . 
Fig. 82.4: Trophozoite of Trichomonas Tenax 


@ T.tenax has also been found in 


< Infected submaxillary gland Treatment: 


<> Pleural fluid of respiratory trichomoniasis Metronidazole 400mg thrice in a day for | week is the usual 
treatment for protozoal infections caused by Trichomonas 


<> Broncho-alveolar fluid of pulmonary eosinophilia 
and Entamoeba. 


<> The oral cavity in the course of sinusitis, 
Parasites that may affect the oral tissues and 


periodontium: 


<> May be a possible pathogen for the appearance of 
Parasites that are not inhabitants of the oral cavity, which 


cause systemic parasitic infections, but can also affect the 


<> Studies on dental patients have_shown that a_ oral cavity. 
sizable portion of them harbor T. tenax. (Brook 


and schuster) 


tonsillitis, jaw abscess or cancer of the esophagus 


a tumor in head and neck region. 


@ Leishmania - A heterogenous group of obligate 
intracellular protozoan parasites can lead to 
Mode of transmission: distortions of the oral and peri-oral areas. 

@ Plasmodium falciparum: Acute gingival bleeding 
secondary to Plasmodium falciparum malarial infection 

has also been reported. 


IT. tenax is transmitted almost entirely through oral 
contact, via droplet, mouth-to mouth transmissions 
and via utensils. 









Morphology: 
. . AMASTIGOTE 
@ It is a flagellated protozoan parasite and trophozites 


ranges in size from 6-10 um in length. 


@ It is pear-shaped tropozoa and resembles to I. vaginalis 
more closely than [-hominis. 


MACROPHASE 


@ It is a mitochondrion-lacking protist. 
@ It produces no cyst. 
@ Virulence factors: 
<> Proteinases- Cathepsin B-like enzymes. 


Fig.82.5: Amastigotes of leishmania sp. 
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@ Al-Saeed WM. Pathogenic effect of Entamoeba 
gingivalis on gingival tissues of rats. Al-Rafidain Dent 
J. 2003; 3(1):70-3. 
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 B. Jian, A. Kolansky, Z. Baloach, P K. Gupta, Entamoeba 
gingivalis pulmonary abscess-diagnosed by fine needle 
aspiration. CytoJournal, vol. 5, article 12, 2008. 


EARLY 
TROPHOZOITE 








GAMETOCYTE O 


Fig. 82.6 Peripheral blood film for plasmodium falciparum ¢ Bo’zner P Demes P. Cell-associated and extracellular 
“el aloe %, m i proteolytic activity of an oral flagellate, Trichomonas 
tenax. Arch Oral Biol 1991: 36: 77-83. 


@ Brook, B, Shuster FL (1984).oral Protozoa: Survey, 
isolation and ultrastructure of Trichomonas tenax from 


clinical practice. Trans. Am.Microscop.soc.|03:376- 
382. 


@ Chen JRF Wen WR, Liu GY, Chen WL, Lin LG, Hong HY. 
Studies on periodontal disease caused by Entamoeba 
gingivalis and its pathogenetic mechanism. Rev China 
Med J. 2001;1 14(12):12-5. 


Fig.82.7: Blood smear showing Plasmodium falciparum ¢ Duboucher C, Mogenet M, Pe’rie’ G. Salivary 
trichomoniasis; a case report of infestation of a 


submaxillary gland by Trichomonas tenax. Arch Pathol 
Lab Med 1995: 119: 277-279. 


@ E.Lucht, B.Evengard,].Skott,P Pehrson,and C.E. Nord, 
“Entamoeba gingivalis in human immunodeficiency 
virus type l-infected patients with periodontal 


disease,’ Clinical Infectious Diseases, vol. 27, no. 3, pp. 
47|-473, 1998. 


@ El-Hayawan IA.The prevalence of Entamoeba gingivalis 
and Trichomonas tenax in periodontal disease. ] Egypt 
Soc Parasitol. 1992; 22: 101-103. 


Fig.82.8: Leishmania donovani amastigotes @ Elizabeth Zeibig. Clinical Parasitology - Pageburst 
E-Book on Vital Source, A Practical Approach, 2: 
Clinical Parasitology - Pageburst E-Book on Vital 
Source. Elsevier Health Sciences, 2012, ISBN 
1455709638, 9781455709632. 


@ F. Bhaijee and D. Bell. Entamoeba gingivalis in Acute 
Osteomyelitis of the Mandible. Case Reports in 
Medicine. Volume 2011, Article ID 357301, 3 pages. 
doi: 10.1 155/201 1/357301 


@ Ghabanchi J, Zibaei M, Afkar M D, Sarbazie A 
H.Prevalence of oral Entamoeba gingivalis and 
Trichomonas tenax in patients with periodontal disease 





(4) Periodontics & Oral Implantology 


Chapter 82 


4 


and healthy population in Shiraz, southern Iran. Indian 
J Dent Res2010; 21:89-9 | 


Hersh SM. Pulmonary trichomonasis and Trichomonas 
tenax.] Med Microbiol. 1985: 20: I-10. 


Kamel AE, Rouetbi N, Chakroun M, Battikh M. 
Pulmonary eosinophilia due to Trichomonas tenax. 
Thorax 1996: 51: 554-555. 


Khan.S, Zia.A, Gupta.N.D, Bey.A. Acute gingival 
bleeding as a complication of falciparum malaria: a 
case report Oral Surg Oral Med Oral Pathol Oral 
Radiol 2012; | |3:e19-e22 


Kikuta N, Yamamoto A, Fukura K, Goto N. Specific 
and sensitive detection of Trichomonas tenax by the 
polymerase chain reaction. Lett App! Microbiol 1997: 
24: 193-197. 


L. Chiche, S. Donati, G. Corno, S. Benoit, |. Granier, 
M. Chourakiet al. Pleuro-pneumopathie a Trichomonas 
tenax. Presse Med 2005; 34: 1371-2 


M. D. Ruehsen, R. E. McNeill, J. K. Frost, P K. Gupta, L. 
S. Diamond, and B. M. Honigberg, “Ameba resembling 
Entamoeba gingivalis in the genital tract of |UD users,” 
Acta Cytologica, vol. 24, pp. 41 3-420, 1980. 


M. Muller, “Mode of action of metronidazole on 
anaerobic bacteria and protozoa,’ Surgery, vol. 93, no. 
|, pp. 165-171, 1983. 


M. Sefer, A. L. Boanchis, S$. H. Chaouki, V. Ganescu, and 
P. Constantin, “Periodontal diseases with Entamoeba 
gingivalis,’ Revista de Chirurgie, Oncologie, Radiologie, 
O RL, Oftalmologie, Stomatologie, vol. 36, no. 4, pp. 
279-285, 1989. 


Periodontics & Oral Implantology 


Periodontal Parasitology ) 


Nagao E, Yamamoto A, Igarashi I, Goto N, Sasa R. Two 
distinct hemolysins in Trichomonas tenax ATCC 30207. 
Oral Microbiol Immunol 2000: 15: 355-359. 


Okada H, Matsumato IT, Miyuki K, Nakahira Tl, Omura M, 
Yamamoto H. Clinico pathological and cytolological 
study of Entamoeba gingivalis. | Japanese soc Clin 
Cytol 2002;41 :321-6. 


Osbourne PT, Giltman LI, Uthman EO. Trichomonads 
in the respiratory tract, a case report and literature 
review.Acta Cytol 1984: 28: |36—138. 


PK. Gupta, ‘Intrauterine contraceptive devices.Vaginal 
cytology, pathologic changes and clinical implications,” 
Acta Cytologica, | 982: 26, no. 5, pp. 571-613. 


R. D. Trim, M.A. Skinner, M. B. Farone, J. D. Dubois, and 
A. L. Newsome, “Use of PCR to detect Entamoeba 
gingivalis in diseased gingival pockets and demonstrate 


its absence in healthy gingival sites,’ Parasitol Res. 
2011; 109(3):857-64. 


Robert Bergquist. Parasitic infections affecting the oral 
cavity. Periodontology 2000, Vol. 49, 2009, 96—105 


Sarowska J,VWVojnicz D, Kaczkowski H, Jankowski S.The 
occurrence of Entamoeba gingivalis and Trichomonas 
tenax in patients with periodontal disease. Adv Clin 
Exp Med. 2004; 13(2):291-7. 


W. W. Wantland, E. M. Wantland, and D. L. Winquist, 
“Collection, identification, and cultivation of oral 
protozoa,’ Journal of Dental Research, vol. 42, pp. 
1234-1241, 1963. 


Yamamoto A, Asaga E, Nagao E, Igarashi T, Goto N. 
Characterization of the cathepsin B—like proteinases 
of Trichomonas tenax ATCC 30207. Oral Microbiol 
Immunol 2000: | 5: 360-364. 


CHAPTER 


Chapter Outline: 


DEFINITIONS AND TERMINOLOGY 

History 

Classification of halitosis 

Physiologic halitosis 

Pathologic halitosis 

Pseudo halitosis 

Halitophobia (Monosymptomatic hypochondriasis/ self- 






Karthikeyan Ramalingam & 
Syed Wali Peeran 


Classification of Halitosis 

Etiology of halitosis 

Pathogenesis 

Clinical features 

Diagnosis and Assessment of malodor. 

Treatment options 

Mechanical reduction of microbes and their substrates 
Conclusion 


halitosis) Principal references and suggested further readin 


Halitosis is a medical term, first coined by 
Listerine Company in 1921I. Halitosis (Latin — halitus, 
breath — vapour) describes an unpleasant or 
disagreeable or offensive odour emanating from the oral 
cavity or in expired air, leading to discomfort and 
psycho-social embarrassment. It can be of oral or non- 
oral origin. 


It is an area of oral science that spans medical 
and psychological issues. This phenomenon _ is 
oversimplified by manufacturers, misunderstood by the 
general public and could not be entirely deciphered by 
the healthcare providers. In healthy subjects, more than 
3400 different volatile organic compounds can be 
detected in exhaled breath. However, only a small 
fraction of these compounds could be found in all 
subjects. 


The other names for halitosis include bad 
breath/Oral Malodor/fector ex-ore/offensive breath/ 
fetor oris/ foul breath. 


DEFINITIONS AND TERMINOLOGY: 


FETOR ORIS: Foul, offensive odor from the oral 


cavity. (Glossary of Periodontal Terms — 2001) 
Halitosis: As breath that is offensive to other people. 
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Halitosis: A general term to describe any disagreeable 
odor of breath, regardless of its origin. (Outhouse et al. 
2006) 


Halitosis: An oral health condition characterized by 
unpleasant odors emanating consistently from oral cavity. 
(Cortelli et al. 2008) 


Halitosis: An unpleasant odor emanating from oral cavity. 
(Fedorowicz et al. 2008) 


Halitosis: Breath that is offensive to others, caused by a 
variety of reasons including but not limited to periodontal 
disease, bacterial coating of tongue, systemic disorders, 
and different types of food. Also called fetor ex-ore, fetor 
oris, and stomatodysodia (Glossary of Periodontal Terms — 
2001) 

Halitosis: Noticeably unpleasant odors 
breathing. (Winkel et al. 2008) 

Halitosis: The subjective perception after smelling 
someone's breath, if unpleasant” (Quirynen et al. Carranza 
2012) 

Objective halitosis: Malodor with intensity beyond a 
socially acceptable level perceived. (Yaegaki & Coil 2000) 


exhaled in 


Oral Halitosis/ Oral malodor is the specific term used 
to define halitosis with an origin within the oral cavity. 
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History: 

It has been reported for many years dating back 
to 1550 BC. Hippocrates mentioned that any grl should 
have a pleasant breath, making sure always to wash her 
mouth with wine, anise and dill seeds. Greeks used 
donkey milk as mouth rinses. Romens used to hide 
hditosis with perfurned tablets, chewing leaves, and 
Stalks of plants. Hebraic liturgcs like Talmud, states that 
marriage license may be leqdly broken in cese of 
malodor of one of the partners. 


In Christianity, the devil smelled of sulphur. The 
Bible refers to the use of ladanum (mestic) derived from 
Pistacia lentiscus tree, for breath freshening. 


ISiamic literature refers to treatment of fetid 
breath by siwak (Chewing stick). Hindu mythology 
insisted to keep a clean mouth, as it is the entry door to 
the body. Buddhist monks recommend tooth brushing 
with tongue scraping before first morning prayers. It was 
not studied scientifically till the development of 
osmoscopy by Fosnic et a. They measured the sources 
of mdodor and reported that physiologc or pathologc 
sources cause bad breath. 


CLASSIFICATION OF HALITOSIS: 


Primary halitosis — refers to expiration exhaled by the 


lungs 
Secondary halitosis — originates either in the mouth 
or upper airways. 
Genuine/ Real (oral or extraoral) halitosis — were 
breath malodor is a real problem and can be easily 
diagnosed by organoleptic or physico-chemical means. 

e Physiologic halitosis — in which there is no 

readily apparent disease or pathological condition. 


o Temporary or Transient halitosis — Due 
to dietary factors like garlic, fish, meat, 
onion, coffee or dairy products. 


e Pathologic halitosis. 


o Oral pathologic halitosis. 


>» Tongue coating on dorso-posterior 
region. 

>» I\ntra-oral pathologic conditions like 
periodontal disease. 

> Co-factors affecting saliva quality 


and quantity. 
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o Extra-oral pathologic halitosis. 
> Blood-borne — halitosis emitted via the 
lungs but originates elsewhere in the body. 
> Non-blood-borne nasal, paranasal, 
laryngeal, pulmonary or upper digestive tract 
pathology. 


e Pseudo-halitosis — It is not observed by others, but 
patient stubbornly complains of its existence. 

e Halitophobia — imaginary halitosis, if no physical or 
social evidence suggesting halitosis but patient persists 
in believing that he or she has halitosis even after 
treatment. 

e Delusional halitosis also referred to as 
psychosomatic halitosis. It occurs in apparently 
healthy individuals who complain of chronic bad 
breath that no one else can smell, for which no local 
or systemic disease causing oral malodor could be 
found. 


Physiologic halitosis: 


# Its origin is usually from the dorsum of tongue. It is 
self-limited in nature. It does not prevent the patient from 
carrying out a normal life. It usually does not need any 
therapy. 

» Fasting during longer periods or during the night could 
be a physiological cause of temporary halitosis, so-called 
bad morning breath. 


Pathologic halitosis: 


It is permanent and does not resolve by usual oral 
hygiene methods. It prevents the patient from leading a 
normal life. It should be treated and therapy depends on the 
source of malodor. 


Pseudo halitosis: 


When the dental professional does not perceive 
malodor and the patient cannot provide evidence from a 
trusted confidant and continue to be convinced that they 
suffer from halitosis. However, they could be convinced 
easily after investigations that they had no symptoms of 
halitosis. They usually leave the clinic relieved and satisfied. 


Halitophobia (Monosymptomatic hypochondriasis/ 
self-halitosis): 
It includes persons who have been successfully 


treated for genuine halitosis or been counseled for pseudo- 


halitosis but who persist in believing that they have breath 
odor. Refusing to accept or expressing disappointment even 
after negative halitosis measurement is a potential symptom. 
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It could be associated with chemo-sensory 
dysfunction or can evolve into a complicated psychiatric 
disorder referred as chronic olfactory reference 
syndrome if left untreated. It cannot be classified as a 
delusional disorder and is currently added to the 
appendix of 5th edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-Y). 


Some of the various classifications of Halitosis: 


Classification of Halitosis 


Miyazaki et al.,1999): 





e Halitophobia. 
e Pseudo-phobia. 
e Genuine halitosis. 
o Pathologic halitosis. 
> Oral. 
> Extra-oral. 
oO Physiologic halitosis. 


Classification of Halitosis (Tangerman et al., 
2010): 


e Intra-oral 
e Extra-oral. 
o Blood borne. 


oO Non-blood borne 


OBJECTIVE HALITOSIS 


RELIABLE REPORTS PATIENT'S SELF 
FROM PATIENTS SOCIAL DECLARATION OF 
ENVIRONMENT HALITOSIS 


Fig 83-1: Objective Halitosis-Evidence to build a 
clinical case report. (Aydin & Harvey-Woodworth. 2014) 


(Aydin & MHarvey- 





Classification of Halitosis 
Woodworth., 2014): 


Type 0: Physiologic Halitosis-It is present in health. 


Type I: Oral Halitosis: It is of oral origin. The most 
common causes for oral halitosis are: 


e Poor oral hygiene. 
e Plaque stagnation areas. 


e Gingivitis, tongue coating. 
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Other possible origins of oral halitosis include: 

e Periodontal disease. 

e Acute necrotizing ulcerative gingivitis, 

e Osteoradionecrosis. 

e Large carious cavities. 

e Blood/thrombi (e.g. extraction sockets). 

e Ulceration 

e |Interdental food packing. 

e Oral prostheses (dentures, orthodontic appliances, 

bridges). 

Type 2: Airway Halitosis- This halitosis originates 
from the respiratory tract itself (rhinosinusitis, tonsillitis, 
pharyngitis, laryngitis, bronchitis, pneumonia), anywhere 
from nose to alveoli. 
Type 3: Gastroesophageal Halitosis. It is caused by 
leakage of odorant volatiles from the stomach via the 
esophagus to the mouth and nose. 
Type 4: Blood-borne Halitosis. This type of halitosis 
is where volatile chemicals in the systemic circulation can 
transfer to exhaled breath during alveolar gas exchange 
and cause halitosis. 
Type 5: Subjective Halitosis- Subjective halitosis is a 
halitosis complaint without objective confirmation of 
halitosis by others or halitometer readings. 


Multiple contributing factors in the same patient 
are classified as a combination of the different types. Eg: 
Type 1+4+5. The authors claim that this classification is 
representative of the multifactorial etiology of halitosis 
and is mechanistic, logical, understandable, memorable, 
flexible, clear, concise and precise than the old 
classifications. 

To overcome the barrage of often confusing and 
overlapping terms the authors also proposed new terms: 
exogenous odour and endogenous odour. 

Exogenous odour: Ihe 
consumption of aromatic foods. 
Endogenous odour: The odours produced in the body- 
Halitosis. 


Note: Subjective Halitosis: Subjective halitosis is not 
confirmed by halitometer or third-party individuals 
despite the patient insistently complaints malodor. This 
condition is named imaginary, delusional, pseudo, non- 
genuine, psychogenic, psychosomatic halitosis, 
halitophobia, body odor _ psychosis, depression, 
hypochondriasis, olfactory reference syndrome, chronic 
olfactory paranoid, syndrome, olfactory obsession, 
obsessive-compulsive disorder, olfactory delusion and 
more. (Eren oM & Murat A) 


odours” resulting from 
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ETIOLOGY OF HALITOSIS: 


It is a multifactorial disease. 80-90% of cases are caused by 


oral conditions and defined as oral malodour. Putrefactive 
activity within the oral cavity is responsible for halitosis 


Extrinsic causes: 

e Tobacco Smoking. 

e Alcohol. 

e Certain foods — garlic, onions, spices. 
Intrinsic causes: 

e Physiological 


o Arising in the morning — due to reduced 
saliva production in the night, increased 
microbial metabolic activity during sleep 
and mouth breathing. 


o Dehydration state. 

o Menstruation — menstrual breath. 
e Oral. 
e Systemic/Extra-oral. 


Local (oral) causes: 


A recent large-scale study of persons with 
halitosis found that the source of halitosis was primarily 
found within the oral cavity (90%). Tongue coating was 
responsible for 51%, gingivitis/periodontitis (13%) and 
combination of the two (22%) but many still believe that 
it is primarily of gastric origin. 


e Coated tongue. 


Oo Tongue has numerous papillae, a large 
surface area and harbours high density of 
microbes than other mucosal surfaces. 


o Higher concentration of gram-negative 
anaerobes may be noted on the tongue. 


e Periodontal disease 
o Gingivitis. 
o Chronic periodontitis. 


o Acute necrotizing ulcerative  gingivitis/ 
periodontitis. 


e Retention of odoriferous food particles. 


e Poor oral hygiene. 
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e Caries — 
o Deep carious tooth that entraps food. 
o Exposed necrotic tooth pulp 

e Pericoronitis. 

e Factors causing decreased salivary flow rate and dry 
mouth. 

e Dry socket 

e Oral ulcers/ Mucosal ulcerations 

e Healing wounds 

e Impacted food or debris 

e Imperfect dental restorations 

e Unclean dentures — sweet, unpleasant, characteristic 
odour particularly when worn overnight 

e Orthodontic treatment — some studies reveal that 
oral malodour increase after bracket placement. 
Conventional brackets can increase halitosis with 
accretion of plaque. These brackets with elastomeric 
ligatures are not recommended for use in patients 
with poor oral hygiene or individuals prone to bad 
breath. 


MOUTH/ORAL 
CAVITY 





NASAL CAVITY 
BREATH 


Fig 83-2: Sources of Oral Malodor. 
Extraoral causes: 


It can be subdivided into blood-borne and non- 
blood-borne halitosis. 


e Disturbances of upper and lower respiratory tract 
o Anaerobic infections 
> Chronic Sinusitis 
> Tonsillitis. 
Bronchitis. 
Acute pharyngitis 
Post nasal drip 
Foreign body/ Pulmonary abscesses 


Oo O0O 0 0 O 


Bronchiectasis 
e Liver: 
O Hepatic cirrhosis. 
o Hepatic failure 
oO Hepatic infection 
Trimethylaminuria. 
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e Kidney: 
oO Kidney failure. 


e Hormonal causes: Increased levels of progesterone 
in menstrual cycle impart a typical breath odour. 


e Gastro-intestinal tract disorders: Halitosis due to 
GIT disorders is considered to be extremely rare, 
as the oesophagus is normally collapsed and closed. 


oO Gastro-oesophageal reflux disease (GERD). 


Oo Increase in Helicobacter pylori infection can 
produce hydrogen sulphide and methyl 
mercaptan. 


oO Pyloric stenosis 
© Duodenal obstruction 
e Acute febrile illness. 
e Metabolic disorders: such as diabetic ketoacidosis. 


e Use of Medications that reduce salivary flow like 
anti-depressants, anti-psychotics, narcotics, 
decongestants, anti-histamines, anti-hypertensives 


e Leukemias 


e Malignancies like carcinomas of respiratory tract and 
lungs. 


e Anxiety — anxious situations may increase VSCs 
concentration 


e Hiatus hernia. 


In 10-15% of patients, extra-oral causes lead to 
malodour. It is usually due to presence of dimethy! 
sulphide [(CH3)2S — smells like rotten cabbage]. Extra- 
oral halitosis could be a manifestation of serious disease 
and treatment is much more complicated. 


e Ammonium-like breath/uremic breath/ Urine- 
like smell is related to kidney failure/ chronic 
kidney disease. It could be due to urease-splitting 
oral organisms that metabolize urea, which is 
present in high levels in these patients and produce 
ammonia. 


e Sweet, musty or slightly fecal aroma — Fetor 
hepaticus — seen in patients with liver disease like 
hepatocellular failure. Due to liver disease, the 
concentration of metabolites normally processed by 
the liver increases and enters systemic circulation. A 
part of them are exhaled. 


Periodontics & Oral Implantology 


Halitosis > 


The unusual breath odours could be summarized as 


below, 
e Sweet smell: 


o Fruity smell of acetone/ decomposing 
apples - is associated with uncontrolled 
diabetes/ diabetic ketoacidosis. 


o Fruity alcoholic smell — Use of alcohol. 


o Fruity — pear-like, acrid smell — chloral 
hydrate, paraldehyde. 


Oo Penetrating wintergreen odour -—- 
Methyl salicylate 


O Aromatic, odour - 


Ethchlorvynol 


pungent 


e Fishy smell: 


o Fishy odour - Due to high levels of 
trimethylamine due to lack of 
trimethylamine oxidase in the liver. 


o Fishy, rancid butter or boiled cabbage 
odour — Hypermethioninemia. 


e Musty smell: 


o Musty fish, raw liver/feculent/ newmown 
clover — Fetor hepaticus — Hepatic failure 
(mercaptans, dimethyl sulphide) 


eo Feculent smell/ foul odor -— _ Intestinal 


obstruction, oesophageal diverticulum 
e Urine-like/ ammoniacal smell — Uremia (ammonia) 


e Foul/ putrid smell — Lung abscess, Emphysema, 
Intranasal foreign body 


e Severe, bad breath — Trench mouth (Vincent's 
angina), Amphetamines 


e Sweaty feet/ cheesy smell — lsovaleric academia 
(odour of sweaty feet syndrome) 


e Bitter almond smell — Cyanide 

e Burned rope — Marijuana 

e Camphor — Naphthalene 

e Coal gas/ stove gas — Carbon monoxide 
e Disinfectant — Phenol, Creosote 


e Garlic — Phosphorus, Arsenic, Tellurium, Parathion, 
Malathion 
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Role of substrates: 


Proteins containing sulphurous amino acids like 
cysteine, cystine, and methionine, as well as tryptophan 
and lysine, are causative substrates. Epithelial cells shed 
from different locations in the oral cavity and effused 
leukocytes are a major source of these substrates. 
Similarly, proteins could be sourced from diet, saliva and 
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Cadaverine is produced by degradation of lysine by lysine 
decarboxylase. 

The detection threshold (mol dm-3) of these odorous 
compounds are as follows; CH3SH(1I.0x!0-I1) < CH3N 
= isovalerate (1.8xl0-I 1) < butyrate (2.3x10-10) < H2S 
(6.4x10-10) <  putrescine (9.IxI0-10) < dimethyl 
disulphide (CH3SSCH3) (5.9x 10-8). 


gingival crevicular fluid. 


Role of VSCs: 


VSCs are produced from methionine and cysteine 
through the breakdown of oral exfoliative epithelial cells 
or blood components by intraoral bacterial proteinases. 
Methyl mercaptan is produced by bacterial metabolism of 
methionine. P.gingivalis can produce large amounts of 
mercaptan. It is reported to increase after 8 — |4 hours 
of maturation of plaque deposits. 


In periodontal disease, there is a high number of 
desquamated epithelial cells, gram-negative anaerobic 
bacteria and protein substrate from gingival bleeding and 
GCF. 

Role of bacteria: 

A wide range of genera are responsible for oral malodour. 
Odour producing organisms are mainly obligate 
anaerobes and Gram-negative anaerobes mainly retained 
in tongue coating and periodontal pockets. Black- 
pigmented species are of main concern. Some implicated 
organisms include P. gingivalis, P.melaninogenica, T denticola, 
P.endodontalis, | B.loescheii, | P.intermedia, —F.nucleatum, 
Enterobacteriaceae, I.forsynthensis, Centipeda periodontii, 
A.parvulum, Dialister invisus, Eubacterium sulci, Solobacterium 
moorei, E.corrodens, F.polymorphum, and F.periodonticum. 
Candida species can exist in symbiosis with other bacteria. 
These organisms produce volatile sulphur compounds 
(VSCs), Hydrogen sulphide (H2S — smells like rotten 
egg) and methyl mercaptan (CH3SH — smells like rotten 


The origin of breath odour is mostly by bacteria residing 
on the tongue. However, there are no standard data for 
healthy tongue biofilm to compare between normal and 
diseased states. There is a |0-fold increase in bacteria 
count at the back of the tongue when compared to front. 
Post-nasal drip which falls directly at the back of the 
tongue could be a cause. 


VSCs can diffuse and penetrate deeply into tissues, 
damage the epithelium, basement membrane and 
underlying lamina propria. It can be toxic to periodontal 
tissues even at low concentrations. Decreasing the 


cabbage) by metabolism of organic substrates, concentration of VSCs could be a significant adjunct to 
glycoproteins and other proteins present in saliva, periodontal therapy and prevention of periodontal 
crevicular fluid, oral soft tissues and retained debris. The disease. 


metabolic process involves deglycosylation, proteolysis 
and putrefaction. Methyl mercaptan is produced by 
enzymatic degradation of methionine by METase into a- 
ketobutyrate, CH3N and ammonia. 

Other compounds include short-chain fatty acids 
(Acetates, Butyrate, Propionate, Valerate), Diamines 
(cadaverine, putrescine), alcohols, volatile aromatic 
phenyl compounds (indole, skatole, pyridiene), alkines, 
ketones and nitrogen-containing compounds like Urea, 
ammonia. Compounds produced during physical illness 
that can accumulate in bad breath include ketonic 
compounds like acetone, methylethylketone, n-propanol 
and heterocyclic compounds like dimethyl amine and 
trimethylamine (CH3N). 


Role of Oral environment: 


The ecological plaque hypothesis provides a physiological 
approach to control of the biofilms associated with 
malodour. There is a dynamic relationship between 
change in the environment and ecological shift of 
microbes which could be used to control the disease. 


The role of pH is significant in oral malodour. It usually 
occurs at neutral and alkaline pH. It is inhibited by acidic 
environment. The levels of oxygen and redox potential 
determine the bacterial metabolism. The metabolic 
products like urea, free amino acids increase the pH. This 
neutral environment favours anaerobic bacterial growth 
and VSC production. 
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Saliva plays a critical role in development of halitosis. It 
provides the protein substrate used readily by oral 
pathogens. It is also a source of oxygen for bacteria. 
Reduction in salivary flow has a negative effect on self- 
cleaning of the mouth and can generate odoriferous 
volatile compounds like VSCs. 


Blood and cellular elements are the essential substrates 
for odour production. Blood provides factors that 
accelerate bacterial growth, stimulate proteolysis and 
odour production by putrescent saliva. VSCs are 
reported to increase during the phase of ovulation in 
females. 


Role of the dorsum of the tongue: 


lt could be a primary source for VSC production 
both in periodontally healthy and diseased population. 
Tongue coating contains desquamated epithelial cells, 
blood cells and bacteria. 


Studies show that more than 100 bacteria could 
be attached to one epithelial cell on the dorsum of the 
tongue while it is only about 25 bacteria in other areas of 
the oral cavity. 


The morphology of the dorsal surface with 
numerous fissures, crypts and papillae create a protective 
environment for bacteria. The bacteria are protected 
from flushing action of the saliva and oxygen levels are 
low, favouring growth of anaerobic bacteria. 


Cysteine challenge tests is based on the concept 
that cysteine breakdown by oral bacteria produces 
hydrogen sulphide. This volatile product when ionized 
lowers the redox potential and favor growth of gram- 
negative oral anaerobes. Studies have shown that higher 
VSC values are usually noted on the dorsum of tongue 
(Approximately 1600 ppb). Sublingual area and buccal 
sulcus showed approximately 900ppb and saliva showed 
the least values. 


VSC production from the tongue coating was 4 times 
higher in diseased patients than controls. 


Role of periodontal disease: 


VSC levels were higher in patients with gingivitis 
and decreased with return to gingival health. Similar 
positive correlations had been observed with severe 
periodontal disease and _ halitosis. Higher levels of 
crevicular bacteria could be associated with higher odour 
scores. High levels of VSCs could lead to tissue 
destruction. 
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CLINICAL FEATURES: 


Halitosis is one of the complaints for seeking 
professional dental care after dental caries and 
periodontal disease. 


It is estimated that 22 - 50% of the population 
suffer from halitosis with varying degrees of intensity 
and aetiology. It has implications in health and social 
life. It has a significant role in self-image and social 
interaction. It includes discomfort, psycho-social 
embarrassment, social isolation, divorce proceedings 
and even contemplation of suicide. 


e It has a psychosocial impact on the patients. 


e They feel insecure in contact with other persons, 
as others might smell their breath malodour and 
may take distance from person involved. 


e Halitosis leads to high level of social anxiety. 


e Women seek treatment more often than men. 
This could be due to their concern about health 
Status and appearance. 


e Some studies claim that older people are more 
likely to perform mechanical tongue cleaning and 
also. have higher organoleptic scores than 
younger people. 


e The most common intraoral sites for malodor 
production include tongue, interdental and 
subgingival areas. 


Proteins from diet, 


Breakdown by bacterial Volatile sulphur 


and host proteases 


Malodor 
cells and Leukocytes compounds (VSCs) 





Fig 83-3: Pathogenesis of Oral Malodor. 
Diagnosis: 

lt depends on comprehensive patient history 
and physical examination.Patient history should have 
history about halitosis, information about diet and 
habits, confirmation about the objective basis to the 
chief complaint. 
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Attention towards presence of nasa obstruction, 
mouth breathing, report of snoring and sleep aonoea, 
postnesal drip, dlergy,  tonsillitis, tonsilloliths, 
dysphaga, previous ENT surgeries, types of food 
typicdly eaten (Odorous food intake), Vitavin A, B, C, 
D and zinc-containing food intake. 


= Ord history including frequency of dental visits, 
dental products being used, presence and 
maintenance of a dental prosthesis, frequency and 
Instruments used for tooth brushing interdental 
cleaning and tonque brushing/scraping. 


= Specific hdlitosis-related questionnare with 
questions about breath mdodor, its severity and 
impact on dally life, time of occurrence during the 
day, when the problem first presented itself, 
whether others have reported the problem in a 
Straignt or indirect way, if stressed psychologcdly 
or emotionally, previous treatment for the problem 
and other typical cofactors like smoking, snoring 
behavior alterations due to hdlitosis or dry mouth 
are mentioned in the literature. 


= Physica examination includes extraord 
andintraord examination comprising 
tongue, periodontal tissues, carious teeth, plaque 
retention sites, and upper respiratory tract 
examination. Alveolar bone defects and faulty 
restorations should be assessed with a radiograoh. 


Diagnosis and Assessment of malodor: 


Three primary methods to measure genuine 
halitosis include organoleptic measurement, gas 
chromatography and sulphide monitoring. It includes, 


Subjective methods 


» Intensity — organoleptic method — smelling 
expelled air of mouth and nose separately. 


= Quality — Hedonic method 
Instrumental or Objective methods: 

# Sulphide monitoring. 

= Gas chromatography. 


= Bacterial detection — Benzoyl-arginine- 
naphthylamide test, Polymerase chain reaction, 
Darkfield microscopy. 
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Self-Assessments: 


The patient reporting about halitosis or asking the 
patient if he has halitosis is the simplest way to have an 
idea of how the patient feels about his oral odour. 
However, it is possible that patient is unaware of his 
situation or has become inured to own malodour and 
could give a false negative to self-assessment questions. 
Moreover, a false positive can be observed in subjects 
with psychopathological factors. 


Organoleptic assessment: 


The most simple and widely accepted method is to 
directly sniff expelled mouth air. This is referred as 
Organoleptic assessment and closely simulates the 
methods by which bad breath is detected in daily 
situations. It is based on subjective sensation of the 
examiner. 


It is considered to be the gold standard for this field and 
uses the human odour judge. The odor judge should not 
be a smoker, not pregnant, should be without chronic 
allergies or asthma. They should have a good sense of 
smell. This can be easily tested using a simple, smell 
identification test (Sensonics Inc, Haddon Heights, NJ, 
USA). It is recommended to perform a regular self- 
calibration by using own morning breath samples or if 
available, instrumental measurements in parallel. It is 
recommended to have a second judge available in dental 
practice to give a second opinion, especially for persons 
with pseudo-halitosis. 


Rosenberg’s scale (1991) is routinely used for assessment 
of breath odour. It is recorded on a point scale, 
according to the odor judge’s perception of the intensity 
of halitosis from the air expelled through a straw at a 
specific distance. 

Other organoleptic scales are as follows: 


Fixed distance odor intensity scale: The degree of 
odour was scored I- 5 where 


= 0=no odour 

» | = barely noticeable odour (Detection threshold of 
odor) 

» 2= slight, but clearly noticeable odour (Recognition 
threshold of malodor) 

= 3= moderate odour 

= 4= strong odour 

» 5 = extremely strong/foul odour 
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Distance malodor scale: 

= Grade 0 — No malodor detected 

= Grade | — Malodor is clearly detected, if the 
observer approached to a distance of about |O0cm 
to the mouth of the patient. 

=» Grade 2 - Malodor is clearly detected, if the 
observer approached to a distance of about 30cm 
to the mouth of the patient. 

= Grade 3 - Malodor is clearly detected, if the 
observer approached to a distance of about 100 
cm to the mouth of the patient. 


Fixed distance odor intensity scale: 
=» 0: Absence of odor — Odor cannot be detected 


=» |: Questionable odor — Odor is detectable, 
although the examiner could not recognize it as 
malodor 


# 2: Slight malodor — Odor is deemed to exceed the 
threshold of malodor recognition 

=» 3: Moderate malodor — Malodor is definitely 
detected 

# 4: Strong malodor — Strong malodor is detected, 
but can be tolerated by examiner. 

» 5: Severe malodor — Overwhelming malodor is 
detected and cannot be tolerated by the examiner 
(Examiner instinctively averts the nose) 


An organoleptic assessment at the first appointment 
should always be performed separately for oral and nasal 
air. This will help to differentiate intra-oral halitosis from 
extra-oral halitosis. 


It should be performed in the morning and patient 
should be instructed to refrain from _ following 
procedures to get the most reliable measurement, 


o No cosmetic products like fragrances, after-shave, 
scented lip-stick or other masking products for 24 
hours 


o No smoking for 12 hours before assessment. 


o No antibiotic treatment for atleast 3 weeks 
(better 6-8 weeks) before the examination. 


o No drinking coffee, tea or juice or eating in the 
morning prior to the oral examination. 

o Avoid eating strong foods for atleast 48 hours 
before assessment. 


o No tongue cleaning for 24 hours before the first 
breath assessment. 
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The advantages include, 
e tis simple to conduct. 
e It does not require any specific equipment. 


e lItcan accurately reflect the severity and intensity of 
halitosis in some cases. 


Drawbacks of organoleptic assessment: 


e Itis subjective and the smelling capacity of the odor 
judge may oscillate. 


e Poor reliability and reproducibility. 


e Susceptible to inter and intra-examiner variability. 
This could be avoided by undergoing odour training 
to give reproducible odour scores and this could be 
the most reliable method. 


e Psycho-physiological state influences their sense of 
smell: 


Hunger. 
Menstrual cycle. 


O 
O 
Oo Head position. 
O 


Degree of attentiveness. 


o Degree of expectation. 


e In sequential measurements, the concentration and 
composition of gases will vary in an_ individual 
breath. Moreover, human nose is less sensitive to 
some volatiles such as ammonia but they form the 
part of halitosis. 


e Organoleptic tests are multiple with different 
protocols and different measurement scales. 


Hedonic method — it is rarely applicable in 
clinical setup. It requires well-trained clinical judges. 


Another simple test is to lick one’s wrist, leave it 
to dry for few seconds and then smell the area. Though 
anterior part of the tongue usually smells, the main 
source of malodor is the posterior region. The posterior 
surface is gently scraped with a disposable plastic spoon. 
The spoon is compared with the overall mouth odor. 


Use of a sterile toothbrush to get a sample from 
specific areas of the tongue. It can access even the 
posterior third of the tongue and may be advantageous 
over tongue scrapings or saliva samples. Analogous media 
like Fastidious Anaerobe Agar (for Total anerobes) and 
Fastidious Anaerobe Agar with Vancomycin (for Total 
obligate anaerobes), Veillonella medium and Fusobacteria 
medium can be used to identify the presence of causative 
bacteria. 
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Spoon test (sniffing spoon), floss 
test, Salivary odour test (sniffing 
saliva sample), glass rod_ test 
(sniffing a glass rod inserted in 
saliva sample), wrist licking test 
(sniffing subject’s wrist after he 
licked), tongue coating test 
(sniffing gauze with tongue 
coating), prosthesis test (sniffing 
the prosthesis) and Tonsil test 
(sniffing the odour of tonsil 
coating) have all been reported in 
the literature. 


HALITOMETRY: 


Gas chromatography: 












It uses a specific sulphur 
detector to identify the source of 
intraoral and extraoral halitosis. 
It is specific for VSCs. But the 
equipment is expensive, bulky 
and needs a skillful operator. 
Conventional gas chromatography 
can measure upto 2500 ppb of 
H2S. It is usually confined to 
research and not practical for 


Objective tests BSubjective tests 


Sulphide monitoring: 

It is an easy to use and valuable objective measurement. 
But, it does not detect all important odours and may lead 
to misdiagnosis of some cases in terms of intensity. 
Halimeter (Interscan Corp, USA) is a gas analysis 
machine that measures the amount of sulphur bonds in a 
volume of gas. It is a portable sulphide monitor to 
evaluate oral malodor. 

It has a flexible plastic drinking straw inlet, 
through which the oral air was drawn and measurement 
was made of sulphide levels in parts per billion (ppb). It 
has a high sensitivity for hydrogen sulphide but low 
sensitivity for methyl mercaptan, a significant contributor 
for halitosis by periodontal disease. 


Advantages: 

" It is simple and fast. 

" Results are displayed immediately. 

" It can measure and quantify the changes/ 


2... in halitosis levels with therapy. 
| 





Self-Assessement tests. 
Wirst licking. 
Assessement by Organleptic 
others. assessments. 
Tongue coating. 
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Salivary Odour. 














Beta-galaktoside test. 
Indole test. 


Ninhydrin test. 


ia) Glass tube 
tests/Enzymatic tests. 
Lead acetate test. 


BANA test 
Microbiologic culture. 


clinical use. Fig 83-4: Tests for Halitosis (Modified from Aydin M, Bollen CM, Ozen ME et al 2016) 


Disadvantages: 

=» [It can measure only intra-oral halitosis. 

» It has to be calibrated to the background air 
prior to measurement, as it is sensitive to 
volatile compounds. 

= It can give false positive results with acetone, 
ethanol or methanol vapors which do not 
contribute to oral malodor. 

» Other volatile compounds can alter the 
measurement. 

» Low detection of methyl mercaptan. 

= Detects only total sulphide concentration 

=» It needs regular maintenance with costly sensor 
calibration by the manufacturer. 

Procedure: A straw is connected to the halimeter. It is 
gently placed on the dorsum of the tongue without touching 


and patient is asked to keep the mouth wide open. A 
measurement is taken once the peak reading is reached. 
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Halitosis values were divided into 4 categories and classified 
as 


= Normal (0-100 ppb) 
# Weak (101-150 ppb) 
= Strong (151-300 ppb) 
= Very strong (> 301 ppb) 
OralChroma (Abilit Corporation, Japan) is a Portable 
gas chromatograph that calculates the levels of H2S and 
methyl mercaptan in the breath. 
Advantages: 

# It does not need specialized staff. 

# It is very sensitive than halimeter. 

= It can differentiate between 3 different gases. 

" Has relatively good reliability and reproducibility. 
Disadvantages: 

# It is technique sensitive. 

=» Measurement time takes around 8 minutes. 

» |t cannot measure levels of H2S above |429ppb. 

=» It can give indication about extra-oral blood-borne 

halitosis from dimethyl sulphide origin. 
= Software is not always reliable. 


» It needs costly, regular maintenance with sensor 
calibration. 


Halitosis can also be assessed by analysis of saliva. 
Chairside color-test kits are available to assess the 
viscosity, color and amount of secretion. It does not 
have scientific data for recommendation. 


Mouth Cleaning and Rinsing Test (MCART): 


With this method, the dentist can differentiate 
oral malodour from those caused by extra-oral causes. 


Tonzetich, the researcher who developed _ this 
technique, believed that “if the oral cavity is the principal 
origin of sulphur compounds in mouth air, then their 
concentrations should be markedly reduced by oral 
hygiene procedures’. ‘Since the oral hygiene measures 
markedly reduced the sulphur content in the mouth air, 
the technique affords a convenient means of 
differentiating the oral from systemic source of volatile 
sulphur in breath vapor’. His technique was modified by 
adding swirling with a zinc-containing mouthwash. 


» This test is time-consuming but cheap and can be 
carried out in every dental office. 
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= Tongue coating removed with tongue scraper for 
[5 strokes. Then brushing the tongue for |5 
strokes with a child-size extrasoft toothbrush 
wetted with a commercial zinc-containing 
mouthwash solution. 


= Gums, palate and teeth were wetted by a 
toothbrush that was wetted with the mouthwash. 


= Rinse the mouth with 5ml of mouthwash and again 
gargle with another 5ml of the solution for | 
minute with head tilted backwards. 


After an hour, the total mouth odour can be 
estimated using conventional tests. If there is an obvious 
reduction, underlying medical causes could be ruled out. 


Cysteine challenge tests: 


2ml of cysteine solution is placed in the sublingual area, 
buccal sulcus and on the dorsum of tongue. Similarly, 
freshly collected whole saliva is also added with 2ml of 
cysteine and shaken for IO minutes at 37°C in a closed 
tube. 


Tongue coating indices: 
Tongue coating index is as follows; 
» 0 


no tongue coating 


thin coating over |/3rd of the tongue dorsum 
# 2 = thin coating over 2/3rd or thick over I/3rd 
» 3 = thick coating over 2/3rd 


Another tongue coating index covers the tongue in 6 
parts — A, B, C, D, E and F. The scoring is as follows, 


» 0 


no coating. 


light coating. 
=» 2 = heavy coating. 
Intraoral sampling for halitosis: 


For both subjective and objective measurement, 
sampling method using negative pressure syringe or 
sample bags is recommended. Instead of directly sniffing 
the expired air, the sampling bags have the following 
advantages: 


“* Higher degree of privacy for the patient. 
“* More concentrated sample. 


¢* Control of cross-infection. 


__ Associated Topics in Periodontology 


ADA guidelines for managing oral 
malodor of non-systemic origin/ Yaegaki 


recommendations: 

e Clinical study of oral soft tissues and teeth. 

e Monitoring oral flora for development of 
opportunistic and pathogenic organisms during a 
6-month period obtaining data at baseline, 3 
weeks and 6 months, unless the product used to 
treat halitosis has already been used for plaque 
and gingivitis control or whose active ingredient is 
generally recognized as safe. 

e Assessment of gingival inflammation with an 
appropriate index. 

e Examination of pathological conditions, such as allergic 
reaction, oral ulceration, candidiasis and secondary 
infections. 

e Examination of effect on hard tooth tissues and 
restorative materials, such as staining, shade alteration 
and loss of structure. 

e Assessment of possible toxic or adverse effects. 

o Patient reports of any changes in taste, saliva 
flow, burning sensation, xerostomia or other 
characteristics. 

e Two independent 3-week clinical studies utilizing an 
appropriate placebo control vs the antihalitosis agent 
used employing: 

o Crossover or parallel group study design. 

o Double-blinded assessments. 


> Study population of individuals from 
2| to 65 years of age with intrinsic 
oral malodour of oral origin. 


> Exclusion of subjects with advanced 
periodontitis and subjects who smoke 
or wear oral appliances. 


e Oral malodour measurements at a minimum of 
two appropriate time periods after baseline during 
a 3-week test period. 

e Organoleptic examination by two trained and 
calibrated odour judges or measurement of 
volatile sulphur-containing compounds using gas 
chromatography or sulphide monitors. 

e Evidence of significant reductions in oral malodour 
of the product vs. the placebo control. 

e Evidence that at least 80% of the subjects 
demonstrate a reduction to questionable or no 
oral malodour at some time during the 
management period. 

e Evidence that microbial resistance does not occur. 
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TREATMENT OPTIONS: 


Inspite of high prevalence of halitosis, only a few 
patients visit dental clinics for treatment. Many persons 
are forced to seek therapy by their close contacts like 
spouse, family members or friends. 


Recommendations by dental profession include 
good oral hygiene measures with flossing and 
brushing the tongue. Mouthrinses and lozenges 
containing breath-freshening agents, chewing gums 
and antimicrobial agents like chlorhexidine could be 
used to mask halitosis but only a_ transient 
reduction. 


Treatment options include: 
= Usage of masking products (counter-actives). 


=» Mechanical reduction of microbes and their 
substrates. 


# Chemical reduction of microbes. 


= Chemical neutralization of odorous compounds 
including VSCs. 


= Patient with non-oral halitosis should be referred 
to otorhinolaryngologist or internal medicine for 
appropriate treatment. 


Masking products: 
° It is just a transient relief measure. 


. Commercial products like mints, toothpastes, 
mouth rinses, sprays and chewing gums with pleasant 
flavors and fragrances. 


° Menthol and other active ingredients are usually 
active only for few hours after use. 


Mechanical reduction of microbes and their 


substrates: 


It can be achieved by a solid breakfast, improving 
hyposalivation, using chewing gums, brushing the teeth, 
flossing, using toothpicks, tongue cleaning and 
professional oral health care. 


= Passage of solid food like hard, dry bread over 
the tongue surface could remove the coating. 60% 
reduction in hydrogen sulphide and 83% reduction 
in methyl mercaptan levels were observed | hour 
after breakfast. 


# Salivary levels could reduce physiologically at the 
night, lowered by mouth breathing or snoring. It 
could be treated by salivary stimulation. 


Periodontics & Oral Implantology 


Chapter 83 


= Chewing gums can mechanically stimulate salivary 
flow and cleans the tooth surfaces. But without 
active ingredients, they have a modest decrease. 

" Brushing the teeth exclusively was not very 
effective in reducing VSCs in morning breath or 
oral malodour scores. 

= Tongue cleaning: |t should be carried out gently 


with low force to avoid unnecessary tissue trauma. 


Forcible cleaning can induce plasma membrane 
disruption and induce micro-bleeding, which can 
be detected by hemoglobin in saliva. Various 
instruments can be applied with gentle pressure to 
scrape off the tongue coating. 


e Brushing the tongue with a tooth paste was 


more effective. Studies reveal that VSCs 
could be reduced for atleast one hour by 


brushing the teeth, tongue and mouth rinse 


with water. 

e Mechanical cleaning the posterior parts of 
the tongue is uncomfortable due to gag 
reflex. 

e There is a visible reduction in organoleptic 
scores and levels of VSCs with brushing 
than scraping the tongue. 

e Thus, tongue cleaning can reduce the 
substrates for putrefaction rather than the 
bacterial load. 

Professional oral care: 

# Teeth cleaning using hand scalers, electric 
toothbrush and interdental brush, cleaning 
dentures and oral mucosa with sponge brush 
significantly reduced methyl mercaptan levels. 

# Full-mouth disinfection with scaling, root 
planing and chlorhexidine application 
resulted in a faster and prolonged reduction of 
organoleptic scores, even after 2 months. 

Chemical reduction of micro-organisms: 

Toothpastes and  mouthrinses — with 
antimicrobials could reduce the microorganisms 
chemically. It includes chlorhexidine, — triclosan, 
essential oils and cetylpyridinium chloride. Other 
agents include L-trifluoromethionine and Dehydro- 
ascorbic acid. 

» 0.2% Chlorhexidine and zinc formulations 

could reduce the VSCs in breath odour and 
organoleptic scores. 
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e Better results were observed with chlorhexidine in 
combination with teeth and tongue brushing. 


e 0.2 — 0.3% Triclosan could be beneficial in reducing 
the hydrogen sulphide producing bacteria and 
reducing organoleptic scores. 


e Quarternary ammonium’ compounds like 
benzalkonium chloride and 0.2% cetylpyridinium 
chloride inhibit bacterial growth; can reduce 
hydrogen sulphide and methyl mercaptan levels. 


e L-trifluouromethionine can_ inhibit mercaptan 
production by bacteria and reduce halitosis. 


e Full-strength oxidizing lozenges can reduce 

malodor by peroxide-mediated oxidation of 
ascorbate into dehydroascorbic acid. But 
formulations are rare due to instability of Vitamin C 
derivative. 


Chemical neutralization of odorous compounds: 
Toothpastes, mouthrinses, lozenges and other products 


can reduce halitosis by chemically neutralizing odorous 
compounds like VSCs. It includes metal ions like zinc, sodium, tin 
and magnesium that interact with sulphur and form insoluble 
sulphides. The proposed mechanism is that the metal ions 
oxidize thiol groups in VSCs. Oxidizing agents change the 
environment needed to metabolize sulphur-containing aminoacids 
into VSCs. 

" Sorbitol lozenges with zinc gluconate (0.1%, 
0.2% and 0.5%) could be used. These lozenges can 
be added with aspartame and Vitamin C/ 
Ascorbate to improve the bitter taste caused by 
high concentration of zinc. 

» Zinc containing mouth washes are also 
available. The addition of 2mg zinc acetate in 
mouth washes resulted in significant reduction of 
VSCs. 

" Sodium bicarbonate or baking soda can reduce 
VSCs. It may have a bactericidal effect or 
transform VSCs into a non-malodorous form. 

# In rare instances, Epsom salt (Magnesium 
sulphate) and Stannous fluoride could be used for 
reducing halitosis. 

=" Mouthrinse with 3% hydrogen peroxide caused 
upto 90% reduction in VSCs for 8 hours. 

= Chlorine dioxide can oxidize methionine and 
cysteine, which are the precursors for VSCs. A 
mouthwash containing |% sodium chlorite was 
more effective in cysteine challenge testing. 
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= Iminium is a non-metal oxidation catalyst. It can 
neutralize cysteine, hydrogen sulphide and methyl 
mercaptan. It is present in sanguinarine. 

" Oral antibiotic rinses with metronidazole and 
nystatin could be used for short term reduction of 
halitosis. 

= Newer preparations containing enzymes are 
claimed to freshen breath. It includes proteases like 
papain and lipases like glycoamylase. 

# Synthetic mouthwashes contain ethyl alcohol. The 
alcohol acts as a disinfectant and can eliminate oral 
malodor by eliminating oral bacteria involved in 
production of VSCs. 


Some of the effective combinations to reduce halitosis 
include: 
" Chlorhexidine and zinc — as a mouthrinse was 
effective for atleast 9 hours. 
=" Cetylpyridinium chloride and zinc — synergistic 
effect on levels of VSCs. 
# Chlorhexidine, Cetylpyridinium chloride and 
zinc lactate was efficient. 
= Sodium bicarbonate with 2% zinc, Zinc chloride 
with sodium chlorite and zinc with sanguinarine 
were also found to be effective. 
Role of botanical extracts: 

Eugenol is widely used in various mouthwashes. It 
is derived from clove oil, cinnamon and basil. Eugenol 
acetate inhibits oral malodor. It is in use for over 2000 
years. It is potent against gram positive, gram negative 
and acid-fast bacteria. Its refreshing effect can neutralize 
the malodor related to tobacco smoking. It is also used 
in treatment of halitosis-related to dry socket. 

Tannins have antibacterial effect and reduce 
bacterial load in the oral cavity. It is non-toxic and does 
not cause dessication or inflammation. They can be used 
for patients with diabetes or xerostomia, when alcohol- 
based mouthwashes could not be administered. 

The volatility of CH3N could be reduced by betel 
leaves. Allylpyrocatechol derived from Piper betel leaves 
or inflorescences is used to remove halitosis. It is a form 
of betel quid chewing and used with tobacco, areca fruit 
and slaked lime in many countries. The compounds in 
betel quid induce pre-cancerous lesions on frequent 
usage. But, the non-toxic allylpyrocatechol can be used 
to control halitosis and reduce obligate anaerobes. 
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Other phenolic compounds which inhibit oral 
microbes and reduce bad breath are catechin and 
resveratrol extracted from licorice (Glycyrrhiza spp.), 
Camellia spp. Acacia catechu, Polygonum spp., Areca 
catechu, Potentilla fragarioides, Rheum, Prunus, Ginkgo biloba, 
Machilus, Elaeagnus, Apocynum and Geranium including 
phytic acid, Echinacea angustifolia, Pestacia lentiscus, 
lavender (Lavendula angustifolia) and sage (Salvia officinalis) 
extracts. 

Essential oils like mint oils, oils of anise, fennel, 
basil and juniper berry have both masking and 
antibacterial effects in controlling malodor. Other oils 
include eucalyptol, thymol, menthol, tea tree oil are used 
with methyl acetate and methyl lactate. Bay, bergamot, 
caraway, cedar, cinnamon, citronella, clove, coriander, 
laurel, lavender, lemon, marjoram, mustard, orange, 
orris, parley, pimento, pine, rosemary, sage, sassafras, 
terpentine, thyme and witch hazel oils were used in 
several dosage forms to reduce oral malodour. 


Role of Probiotics in halitosis: 

Regular use of probiotics can help to control 
halitosis. Kang et al reported reduction of VSCs levels by 
F.nucleatum after taking Weissella cibaria. It could be due 
to hydrogen peroxide producting by W.cibaria that 
inhibits bacteria. 

Reduction of anaerobes by increasing the 
proportion of acidogenic microbes could reduce 
malodour. End products of carbohydrate metabolism by 
acidogenic streptococci can inhibit the growth of 
anaerobes. Fermentable alternatives to sucrose like Inulin 
that is fermented to acid that are less cariogenic. 
Similarly, S.salivarius also suppresses VSCs by competing 
for colonization with pathogenic bacteria. It could be 
used as a probiotic with intention of colonization of the 
throat and control of local infection. 

Non-oral management: 

There are very little reports about management 
of non-oral etiologies. 

Tonsillectomy to remove the foci of malodor 
bacteria on crypts of tonsils. 

#» Eradication of H. pylori infection. Usually, 
omeprazole and amoxicillin reduce sulphide levels 
and organoleptic scores in such dyspeptic patients. 
A study by Han et al showed 640% greater odds of 
having dimethyl sulphide defined halitosis in patients 
with Hepatitis-B infection. 
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Halitosis > 





Treatment of gingivitis and 
periodontitis. 


Restoration of dental caries. 


Correction and polishing of dental 
prosthesis. 


Diagnose the cause, give oral hygiene 


Type 1: Oral Halitosis 


instructions and perform scaling and 


root planing if necessary. 
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Type 3: Gastroesophageal Halitosis. 


Type 4: Blood-borne Halitosis. 
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Treatment of xerostomia. 


Refer for medical management. 


Tongue cleaning and mouth rinsing in 
case of tongue coating. 


Refer for medical management. 


Treatment of oral pathologies. 


Refer for medical management. 


Refer to clinical psychologist, 


Type 5: Subjective Halitosis 


psychiatrist or other psychological 
specialist for counselling and 


Psychiatric management. 





Fig 83-5: Management of Halitosis 


CONCLUSION: 


At present, there is no definitive cure for oral malodour. 
Accurate diagnosis is crucial for proper management of 
halitosis. Treatment depends on a _ multi-disciplinary 
approach. Basic management of halitosis includes 
mechanical reduction of microbes and substrates in the 
oral cavity with special attention to the tongue. 


The healthcare provider should be aware that 
the patient needs treatment with support and 
understanding. Instead of informing a patient that he/she 
does not have halitosis, dentists can suggest that there 
might be an odor, but that it is barely detectable and is 
not evident at the time of consultation. Then 
appropriate oral hygiene measures can be recommended 
to provide a sense of increased control for the patient, 
so that he/she can cope up with the problem. 
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For patients with healthy oral cavity and early morning 
halitosis, a solid breakfast is an effective natural 
mechanical method. 


=» Menthol or Mint, have a short-term masking 
effect of less than 2 hours for halitosis. 


=" Chemical reduction of microbes is effective only 
temporarily. Good results are shown with use of 
chlorhexidine mouthrinse. 


# Alcohol can act as a dessicant and has a drying 
effect on the oral mucosa. Hence for patients 
with oral or salivary problems, alcohol based 
mouthwashes should not be prescribed. 


» Treatment of Type 5 Halitosis(Subjective 
halitosis) patients could be extremely challenging 
in a dental practice. 
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Chapter Outline: 


¢ Introduction. 

¢ Historical perspective. 

¢ Composition of dentifrice. 
¢ Triclosan. 

¢ Anti-calculus agent. 

¢ Desensitizing agents. 

¢ Anti-caries agents. 


Introduction: 


Dental plaque is the primary etiological factor which 
causes the initiation and progression of periodontal tissue 
destruction. Its persistence triggers an immune response 
leading to gingivitis and if untreated, progress into 
periodontitis. 


Mechanical oral hygiene measures which aim in good 
oral health include dentifrices, toothbrushes, interdental 
cleaning aids and mouth rinses. The periodontist should 
motivate the patients to maintain good oral hygiene. 


Dentifrices have played a key role in the practice of good 
oral hygiene and promotion of better oral health. The word 
dentifrice comes from Latin word dentifricium, from dent- 
‘tooth’, fricare ‘to rub’. 


Dentifrices are defined as agents used along with a 
toothbrush to clean and polish natural teeth. 
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¢ Xylitol. 

¢ Anti-stain/whitening agents. 

¢ Anti-halitosis agents. 

¢ Anti-gingivitis agents. 

¢ Natural ingredients. 

¢ Principal references and suggested further reading: 


DENTIFRICE:A preparation intended to clean and polish 
the teeth. Active ingredients to prevent caries and plaque 
accumulation or to desensitize teeth may be included. 
(Glossary of Periodontal terms, 2003) 


Historical perspective: 


Historically potions made out of natural ingredients were 
used as dentifrices. They are supplied in paste, powder, gel 
or liquid form. Toothpastes existed as early as 5,000 B.C. 
They were made from different natural ingredients and 
were reported to be made as early as 4th century A.D 
with ingredients such as iris flowers. Modern dentifrices 
have many roles like anti-cariogenic, anti-plaque/anti-tartar; 
to maintain gingival health and to reduce hypersensitivity 
and halitosis. Some combination dentifrices have multiple 
roles in oral care. They are marketed in paste, powder and 
gel forms. 
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Composition of dentifrice: 


Abrasives 


Anti-caries agents 


Humectants 


Flavoring agents 


Thickening 
binders 


agents 
Detergents 


Dyes 


Fillers 
Anti-microbial agents 


Anti-calculus agents 


Desensitizing agents 


Anti-caries agents 


Y 


Or 


Calcium carbonate, dehydrated silica gels, hy- 
drated aluminum oxides, magnesium carbon- 
ate, phosphate salts and silicates 


Fluoride — Sodium fluoride, Amine fluoride, 
Titanium tetrafluoride, Stannous fluoride 


Glycerol, propylene, glycol and sorbitol. 


Saccharin 


Combinations of water-insoluble essential oils, 
such as spearmint, peppermint, eucalyptus and 
menthol 


Mineral colloids, natural gums, seaweed col- 
loids or synthetic cellulose. 


Sodium lauryl Sulfate & Sodium N-Lauryl sar- 
cosinate 


Synthetic dyes like Yellow No.10, Blue No.1, 


Titanium dioxide 
Triclosan 


Tetrapotassium and tetrasodium pyrophos- 
phates, Sodium hexametaphosphate, 


Zinc citrate trihydrate 


Potassium nitrate, Potassium chloride, Potas- 
sium citrate 


Strontium chloride, 


Sodium fluoride 


Stannous fluoride 


Sodium fluoride, Sodium monofluorophos- 
phate, Stannous fluoride 
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Remove debris and residual surface stains 


Strengthen tooth enamel and remineralize 
carious lesions. 


Prevent water loss in the toothpaste 


¢ Sweetens and adds flavor 

¢ The flavoring agents are solubilized and 
dispersed through the paste or liquid via 
the detergent 


Stabilize the toothpaste formula 


Foaming action reduces surface tension, 
loosen and suspend plaque. 


Improve appearance and appeal of the den- 
tifrice 

Gives opacity 

Reduce oral infections 


Interfere with calculus formation by reduc- 
ing calcium levels in saliva 


Inhibit crystal growth 


Block the synapse between nerve cells and 
reduce nerve excitation associated pain. 


Reduce displacement of fluid into the den- 
tin tubules by occluding or sclerosing the 
tubules. 

Increases the amount of reparative dentin, 
or by precipitating calcium fluoride in the 
tubules. 

Blocks the tubules prevents, the stimulation 
of the mechanoreceptors hence the pain 
response 

Affects metabolism of cariogenic bacteria 
and it can also remineralize enamel. 
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Anti-stain/ 
agents 


Whitening Fine abrasives 


Dimethicones 


Papain (Sulfhydryl protease extracted from 


Carica papaya plant) 


Sodium bicarbonate 


Anti-halitosis agents Chlorine dioxide 


Aloe vera gel (Aloin, Emodin, Saponins) 


Natural ingredients 
Clove oil 


Eucalyptus oil 


Cinnamon 


Chamomile, Myrrh extract 


Jojoba oil 


Green tea 


Miswak 


Polish the enamel and enhance its lustre. 


They smoothen tooth surface and prevents 
staining. 


It hydrolyses peptide bonds and used as a 
non-abrasive whitening agent. 


More effective in removing intrinsic tooth 
stains 


May reduce volatile sulfur compounds. 
Anti-bacterial, Anti-inflammatory 
Flavoring agent and obtundent 
Flavoring agent and obtundent. 


Flavoring agent 
Anti-halitosis 


Natural preservative, antibacterial and an- 
tifungal 
Antioxidant, anti-inflammatory 


Antibacterial, anti-inflammatory 


Propolis- (resin, vegetable balsam, beeswax, Antibacterial effects can be observed with 
essential and aromatic oils, pollen, and sub- some compositions. 


stances including organic debris.) 


Triclosan: 


Triclosan (5-chloro-2-(2,4 dichlorophenoxy) phenol) has 
potent anti-microbial properties. Triclosan/copolymer 
contains 0.3% triclosan together with (polyvinyl 
methylether/maleic acid copolymer/PVM/MA, zinc citrate 
or pyrophosphate) that increases the substantivity/retention 
of the triclosan and increases its antibacterial action. 


lt has moderate anti-plaque properties with low toxicity 
and few adverse side effects. Because of its non-ionic nature, 
it is compatible with other constituents of dentifrices. 


This synthetic, broad-spectrum, chlorinated aromatic 
compound contains the antibacterial phenol and is effective 
against both Gram-positive and Gram-negative bacteria. 
It is bactericidal and targets the cell cytoplasm. It creates 
gaps in the bacterial cell membrane leading to leakage 


Periodontics & Oral Implantology 


of cell constituents and bacterial cell death. It has anti- 
inflammatory properties specifically through reduction in 
cytokine production and inhibits bone resorption. 


These effects are beneficial to reduce the inflammatory 
destruction in periodontal disease.48 % reduction in plaque 
levels and 26% reduction in gingivitis has been reported 
in multiple clinical trials using this combination. Triclosan 
effectively reduced /5- 83% of total viable anaerobes. 


Anti-calculus agents: 


They are  =marketed as anti-tartar ingredients. 
Pyrophosphates work by stabilizing the calcium level 
in saliva and interfere with the growth of the crystals 
that help form calculus. Zinc compounds (Zinc citrate/ 
chloride/copolymer) work by inhibiting crystal growth and 
controlling bacterial multiplication. 


Y 
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Dentifrices with 1.3% pyrophosphates and PVM/MA 
copolymer had the best performance. Higher calculus 
reduction was not found at highest concentration of these 
agents. Their benefits increased with duration of use. 


Sodium hexametaphosphate is 10 times more effective in 
calculus inhibition than pyrophosphates. 
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Desensitizing agents: 


Dental hypersensitivity is a common complaint of short, 
sharp pain among dental patients. Various desensitizing 
dentifrices are used in treatment of dentinal hypersensitivity. 
They reduce sensitivity by reducing the excitability of nerve 
fibers in the pulp by diffusion of salts through enamel and 
dentin resulting in reduced pain. It can reduce permeability, 
obliterate dentinal tubules and block hydrodynamic 
mechanism. 
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Fig.84.1 Examples of marketed dentifrices 


Anti-caries agents: 


Fluoride is considered to be the most effective caries- 
inhibiting agent. The most common form is sodium 
fluoride (NaF), but mono-fluoro-phosphate (MFP) and 
stannous fluoride (SnF) are also used. 


The fluoride amount in toothpaste is usually between 
0.10-0.15. Fluoride inhibits dental caries by affecting the 
metabolic activity of cariogenic bacteria. The fluoride is 
released when the pH drops in response to acid production 
and becomes available to remineralize enamel or affect 
bacterial metabolism. Fluoride restores the balance 
between demineralization-remineralization of enamel and 
dentin, thereby preventing caries. 


yy 


@ A‘smear’ of fluoridated toothpaste for children less 
than two years of age (0.05g). 


@ A ‘pea-size’ amount of toothpaste is appropriate for 
children aged 2-6 years (0.25). 


@ For children beyond 6 years, use full length of fluoride 
toothpaste on the brush (I — |.5g) 


¢ The recommended fluoride concentration in 
dentifrices is |000-1500 ppm F with bioavailable 
fluoride not less than 800ppm. 


¢ Brushing time for fluoride should be at least 2 minutes 
and twice a day. To maximize the beneficial effect 
of fluoride in the toothpaste, rinsing after brushing 
should be kept to a minimum. 
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<> Fluoridated toothpaste should be used for all 
age groups and fluoridated mouthrinse 
with 250 ppmF can be used. 


A meta-analysis of eight clinical trials on caries increment 
in preschool children showed that tooth brushing with 
fluoridated toothpaste significantly reduces dental caries 
prevalence in the primary dentition. Inaddition, fluoridated 
toothpastes can enhance remineralization of white spot 
lesions and increase enamel fluoride concentrations. 
Sodium fluoride dentifrices were more effective than 
Sodium monofluorophosphate. 


Barros et al in a study found that high fluoride dentifrice 
was able to prevent the reduction of bond strength values 
of brackets submitted to acid challenge. Hence, the high 
fluoride toothpaste prevents debonded brackets on erosive 
enamel. 


Pessan et al found that dentifrice with high fluoride 
concentration (5000 ppm F) could be regarded as a useful 
therapy of fluoride delivery for high caries-risk patients, 
since intraoral flouride levels were sustained throughout 
most of the day after using a high fluoride concentration 
formulation. A study by Vale et al found that high-F 
dentifrice (5000 ugF/g) enhanced the bioavailability of 
salivary fluoride. Thus, it is an option for caries management 
in patients with high caries risk. 


Xylitol: 


Xylitol is a sugar alcohol that cannot be fermented by oral 
micro-organisms. It is considered to be a cariostatic agent 
since it can inhibit the carbohydrate metabolism in different 
oral micro-organisms. The inhibitory effect on glycolysis 
has been related to the uptake of xylitol via a constitutive 
fructose specific PTS system and subsequent intracellular 
accumulation of xylitol-5-phosphate. 


Riley et al reviewed the efficacy of Xylitol-containing 
products for preventing dental caries in children and adults. 
They found some low-quality evidence to suggest that 
fluoride toothpaste containing xylitol may be more effective 
than fluoride-only toothpaste for preventing caries in the 
permanent teeth of children. As the results were from 
two studies that were carried out by the same authors in 
the same population they cautioned against risk of bias. In 
addition, they found insufficient evidence to determine if 
any other xylitol-containing products can prevent caries in 
infants, older children, or adults. 
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Anti-stain/ Whitening agents: 


An abrasive is a substance that is used for abrading, 
grinding or polishing. The degree of abrasivity depends 
on the hardness of the abrasive, the morphology of the 
particles, and on the concentration of abrasive in the 
paste.Abrasives are most often found as crystals, small and 
smooth particles. The abrasive effect is measured in the 
RDA (Radioactive Dentine Abrasion) scale, ranging from 
40-80 in most toothpaste. 


In addition to cleaning ability, abrasives with fine, rounded 
particles also help polish the enamel and thereby increase 
its lustre and white appearance. This is principle of 
whitening agents. 


Abrasive ingredients used in dentifrices include finely 
ground calcium carbonate, various silicas, silicon dioxide, 
magnesium carbonate, Dicalcium phosphate dihydrate, 
aluminium oxide and aragonite. 


A low-water system with silica-based formulation reduces 
the hydrolysis of sodium hexametaphosphate and maintains 
effective levels of whitening activity. 


Anti-halitosis agents: 


Dentifrices which containing Chlorine dioxide, essential 
oils and zinc chloride have been used to reduce halitosis by 
inhibiting the production of volatile sulfur compounds. 


Triclosan/copolymer/Stannous fluoride dentifrice with 
sodium hexametaphosphate are also used to control 
halitosis. 


Anti-gingivitis agents: 


Stannous fluoride (SnF) containing toothpaste is more 
effective and consistent in reducing gingival bleeding index 
than Sodium fluoride. Stabilized SnF (0.454%) with sodium 
hexametaphosphate (Stain and calculus control) along with 
calcium-based abrasives provide protection against plaque 
bacteria and gingivitis. However, its usage is limited, due to 
astringent taste and extrinsic staining of teeth. 


Natural ingredients: 


Kouidhi et al showed that Tunisian propolis extract can 
inhibit cancer cell proliferation, cariogenic bacteria and oral 
biofilms formation. Morawiec et al in a study found that a 
Propolis-containing toothpaste was found to be distinctively 
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effective in improving oral health and the occurrence of 
gingivitis triggered by dental plaque. They concluded that 
antibacterial measures containing propolis can be used as 
a natural adjuvant to other active substances in individuals 
with a high risk of periodontal problems against pathogenic 
oral microflora. Wiatrak et al studied the influence of a newly 
formulated propolis and tee tree oil-containing toothpaste 
on selected oral health parameters, oral microflora, and 
the condition of periodontal health. They found that the 
oral flora diversity reduced in the studied group. Skaba 
et al in a study showed that hygienic preparations with 
3% content of Brazilian ethanol extract of green propolis 
(EEP) efficiently supported removal of dental plaque and 
improved the state of marginal periodontium. 


Pomegranate (Punica granatum) has also been shown to 
have antibacterial effects in laboratory studies. However, 
clinical studies have shown differing results with its use. 
(Kiany et al 2016, Salgado 2006). 


Manuka honey has been shown to be antimicrobial 
towards representative oral bacteria generally, and the 
gram-negative anaerobes including P gingivalis. (Eick et al 
& Safii et al). A review by Karygianni et al found that current 
data showed enhanced antiadhesive and antibiofilm activity 
by the plant extracts obtained from Vitis vinifera, Pinus spp., 
Coffea canephora, Camellia sinensis, Vaccinium macrocarpon, 
Galla chinensis, Caesalpinia ferrea Martius, Psidium cattleianum, 
representative Brazilian plants and manuka honey. Hence, 
the potential of these natural products could be explored to 
enhance the efficacy of antiplaque activity of dentifrices. 


Summary: 


Netuveli and Sheiham noted that brand related effectiveness 
was not found among anti-caries or anti-plaque - 
antigingivitis dentifrices, as all brands used the similar 
active agent. 


Principal references and suggested further 
reading: 


@ A brief history of your toothbrush, toothpaste 
and oral hygiene. Available at http://www. 
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history_of_your_toothbrush.html. Accessed May 10, 
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Review Questions: 
Essay Questions: 


|. Write in detail about halitosis. 


Short notes: 


2. Describe a classification of Halitosis. 


3. What are the different treatment options for the 
management of Halitosis? 


Principal 
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INTRODUCTION 


It is generally accepted that oral hygiene maintenance 
through regular removal of dental plaque and food deposits 
is an essential factor in the prevention of periodontal 
disease. Methods for oral hygiene vary from country 
to country and from culture to culture. Despite the 
widespread use of toothbrushes and toothpastes, natural 
method of tooth cleaning using miswak sticks selected and 
prepared from the twigs, stems or roots of a variety of plant 
species have been practiced for thousands of years in Asia, 
Africa, the Middle East and the Americas. Several clinical 
studies have shown that sticks, when properly used, can be 
as efficient as toothbrushes in removing dental plaque due 
to a combined effect of mechanical cleaning and enhanced 
salivation. It has also been suggested that antimicrobial 
substances that naturally protect plants against various 
invading microorganisms or other parasites may leach out 
into the oral cavity, and that these compounds may benefit 
the users by protection against periodontopathic bacteria. 
Some clinical epidemiological studies are in support of 
this, and many laboratory investigations have suggested 
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the presence of heterogeneous antimicrobial components 
extractable using different chemical procedures. A few 
recent studies have identified some of the active antimicrobial 
compounds. Today, sticks are still used in many developing 
countries because of tradition, and their availability, low 
cost and simplicity. The World Health Organization also 
encourages their use. The Year 2000 Consensus Report on 
Oral Hygiene states that sticks may have a role to play in 
the promotion of oral hygiene, and that evaluation of their 
effectiveness warrants further research. 


CHEWING STICKS 


Oral hygiene measures have been practiced by different 
populations and cultures around the world since the 
antiquity. The evolution of the modern toothbrush has its 
origin in miswak sticks that were used by the Babylonians 
as early as 3500 BC. Ancient Greek and Roman literature 
discusses toothpicks that were chewed on to help clean 
the teeth and mouth and many communities in developing 
countries still do not use conventional (modern) 
toothbrushes. Reasons for continued use of traditional 
tooth cleaning methods include cost, availability, customs 
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and religious. For example, because toothbrushes are not 
acceptable to all Muslims as an alternative to or substitute 
for chewing sticks. Therefore, chewing sticks continue to be 
important for oral hygiene in many Middle Eastern, African 
and Asian communities. 


SOURCES AND NAMES OF CHEWING STICKS 


A variety of local trees and shrubs have been used for 
the preparation of chewing sticks in different parts of the 
world with various local names. Different plant species are 
selected because of their availability, long bristle-like tissue 
fibers and often pleasant taste. Salvadora persica or the 
Arak (synonymous with Araak) tree, known in English as the 
“tooth brush tree’, the “toothbrush tree of the Orient” or 
the “Persian tooth brush tree”, is a small upright evergreen 
tree or shrub with white branches and aromatic roots, 
seldom more than 30 cm in diameter and three meters in 
height. Geographically, S. persica is widely distributed: from 
Rajasthan (India) in the east through Southern Arabia, Iran, 
lraq, Palestine, Egypt to Mauritania in the west and from 
North Africa in the north through Sudan, Ethiopia, Central 
Africa to South West Africa in the south. The roots, twigs 
and stems of S. persica have been used for centuries as 
oral hygiene tools and are today commonly used as tooth 
and tongue cleaning sticks by Muslims in the Middle East 
as well as in Asian and various African countries. Miswak 
(miswaak, misswak, miswaki, meswak, mswaki, sewak, siwak 
and siwaki are all synonyms used in different Arabic dialects 
and countries) is an Arabic word meaning tooth-cleaning 
stick. In English, miswak has been mentioned as “the natural 
toothbrush’. In geographical regions in which the Arak 
tree grows, Miswak is interpreted as tooth sticks prepared 
from S. persica. In areas where S. persica is absent, miswak 
is prepared from other plants. Examples are: in West Africa, 
the lime tree (Citrus aurantafolia), the orange tree (Citrus 
sinensis) and senna (Cassia sleberlanba) are commonly used 
for chewing sticks. While in the Indian subcontinent, the 
neem tree (Azadirachta indica) is widely used. Chewing 
sticks prepared from the neem tree are named “datun’”’. 
In Ethiopia, a chewing stick generally called the “mefaka”’ 
is occasionally used by the majority of the population. 
Diospyros lycioides Desf. (Ebenaceae), known commonly as 
“muthala”, is a popular chewing stick used in Namibia. Rhus 
natalensis and Euclea divinorum are plants used in Kenya as 
chewing sticks while in Asia, the nut tree (Juglandaceae 
regia) is commonly used. In the United States, chewing 
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sticks have been used by people in isolated areas of the 
southern part of the country, particularly in Appalachia and 
the Ozarks. These include sticks made from Betula lenta, 
Gaultheria procumbens, Ligquidambar styraciflua, Sassafras 
albidum and species from Populus. Today, chewing sticks are 
usually made into bundles and sold in the local market. The 
harvesting and trade of miswak sticks threaten some plants 
(e.g. Garcinia afzelii). 


PREPARATION OF CHEWING STICKS FOR ORAL 
CLEANSING 


Most chewing sticks share a common design and method 
of preparation. Pencil-sized sticks I5-20 cm long with 
diameter ranging from | to |.5 cm are prepared from the 
root, stem, twigs or bark of the specific trees or shrubs 
mentioned above. The stick is chewed or tapered at one 
end until it becomes frayed into a brush (Fig. |). Soaking in 
water for a few hours will soften the natural fibers helping 
them to separate while tapering or chewing. The term 
“chewing stick” may therefore be misleading since the stick 
is chewed only briefly to fray its fibers before its common 
use as a toothbrush. When the mouth cleaning procedure 
that includes brushing of teeth, gums and tongue (Fig. 2) 
is completed, the chewing stick is removed from or may 
be left in the mouth for some additional time. Left in the 
mouth, the miswak will stimulate salivation and thus there 
will be a better cleansing effect. If possible, the miswak 
should be kept in a moist place when not in use. After 
having been used several times, the chewing stick is either 
replaced by a new one or its bristles are cut off to expose 
a fresh end where new bristles are prepared by further 
chewing or tapering. 


CLEANING EFFICIENCY OF CHEWING STICKS 


A recent consensus Statement on Oral Hygiene 
concluded that bacterial plaque plays an important role in 
the etiology of dental caries, gingivitis and periodontitis; 
that effective removal of dental plaque can result in the 
prevention or reduction of these diseases; that chewing 
sticks may play a role in the promotion of oral hygiene; 
and that evaluation of the effectiveness of chewing sticks 
requires further research. Mechanical cleaning procedures 
are reliable means of controlling plaque, provided cleaning 
is sufficiently thorough and performed at regular intervals. 
In developed countries, this is achieved by tooth brushing 
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with a manual or electric toothbrush in combination with 
dentifrice or toothpowder. In the developing countries 
chewing sticks are often used as the sole cleansing agent. 
Since most studies on chewing sticks lack specific details 
concerning the duration and frequency of miswak use, it 
has been difficult to assess the effect miswak practice 
have on oral health. For example, Eid et al reported a 
range of frequency of miswak use from one or two 
times per day to weekly, or irregular use. Gazi et al. 
concluded that miswak had to be used for five times per 
day to significantly decrease plaque accumulation. The 
national health survey of Pakistan (1990-1994) showed 
that about 36% of the Pakistani population cleaned their 
teeth daily, irrespective of whether miswak or 
toothbrush was employed, while 54% did so either on 
alternative days, weekly or monthly. 


Various explanations for the cleansing efficacy of miswak 
have been offered, including: (i) the mechanical effects of its 
fibers (ii) the release of beneficial chemicals by the miswak 
or (iii) a combination of both (i) and (ii). When miswak is 
used for teeth and oral cleaning, it is held by one hand in a 
pen-like grip and the brush-end is used with an up-and- 
down or rolling motion. A two-finger and a five-finger grip 
technique have also been described. The miswak_ is 
generally used for a longer period of time than is the 
toothbrush, the cleaning is usually implemented for 5 to 10 
min each time, and the plant fibers remove plaque and 
simultaneously massage the gum. Unlike a modern 
toothbrush, the bristles of the miswak are situated along 
the long axis of its handle. Consequently, the facial 
surfaces of the teeth can be reached more easily than the 
lingual surfaces or the interdental spaces. Reduced lingual 
access was considered a miswak drawback by Carl and 
Zambon. So far, published studies on the in vivo cleansing 
efficacy of miswak have been scarce and such in vitro 
studies are missing. Eid et al. reported that the majority of 
miswak users applied the miswak to both aspects of their 
teeth and no significant differences in facial plaque scores 
were noted between the miswak and toothbrush users in 
Saudi Arabia. Additional studies suggested miswak efficacy 
to be comparable with that of the conventional tootbrush 
or demonstrated plaque scores to be significantly lower 
following the use of miswak as compared with the 
conventional toothbrush used without toothpaste. 
Toothpaste used along with miswak did not seem to 
enhance plaque removal efficiency of the miswak. In a 
controlled study, Kenyan schoolchildren brushed their 
teeth for 5 min at a time using chewing sticks 
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with or without toothpaste. Compared with the baseline 
data, the supervised brushing resulted in a net reduction of 
the proportion of plaque deposit sites per child that was 
independent of the toothpaste. 


An oral hygiene assessment of primary schoolchildren in 
Nigeria indicated that their oral hygiene was related to the 
method of tooth cleaning and it was suggested that the use 
of chewing sticks be encouraged. Using the Community 
Periodontal Index Treatment Need (CPITN) examinations, 
Clerehugh et al. noted relatively high mean plaque scores 
among |4-year-old Ghana schoolchildren, and no significant 
differences were detected among the three groups using 
different tooth cleaning methods: chewing sponge, chewing 
sticks or toothbrushes. They concluded that the children 
did not clean their teeth very effectively. A few other 
studies suggested that chewing sticks could be as efficient 
as the conventional toothbrush if proper instruction and 
supervision were given to the children. In one such study, 
van Palenstein Helderman et al. reported that Tanzanian 
schoolchildren who were miswak users exhibited 
significantly more plaque at baseline than did their matched 
toothbrush users. However, when participating in a school 
program that emphasized effective tooth brushing, these 
children were able to improve their oral hygiene regardless 
of whether they were habitual miswak or toothbrush users. 
While chewing sticks may effectively remove dental plaque, 
a positive relationship between gingival recession and the 
common use of miswak has been demonstrated in Saudi 
schoolchildren. 


CHEMICAL AND BIOLOGICALLY ACTIVE 
COMPONENTS OF CHEWING STICKS 


Various studies have been performed to investigate the 
biological activity of miswak sticks. Extracts of Fagara 
zanthoxyloides sticks were found to have anti-sickling activity 
of red blood cells. An alkaloid, fagaronine, identified from 
this plant has been reported to possess tumor-inhibiting 
properties. All but one out of nine Nigerian chewing 
sticks (Anogeissus leiocarpu) extracts tested showed acute 
toxicity in mice. Decoction of S. persica has been used for 
the treatment of spleenomegaly, rheumatism, tumores, and 
renal stones in humans by folk medicine practitioners. It has 
also been shown to possess hypoglycemic effects, enhance 
plasma immunoreactive insulin level, and an incremented 
oral-glucose tolerance in normal rats. Extracts from the 
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roots and stems of S. persica have been used for treatment 
of oral infections in animals. In humans, S. persica miswak 
extracts have been shown to induce morphological changes 
in tissue culture L929 cells and IgE-mediated allergic 
reactions in humans. However, fresh plant materials from 
S. persica demonstrated no cytotoxic effect in a mammalian 
monolayer cell culture while cytotoxicity was demonstrated 
after 24 hrs. A more recent study showed that aqueous 
and ethanol extracts of S. persica were able to remove the 
smear layer from the dentin surfaces. 


ANTIMICROBIAL ACTIVITY 


Much effort has been expended in the examination of 
antimicrobial activity of miswak stick extracts against a 
variety of human pathogens. Asuquo and Montefiore 
studied eight chewing stick extracts and reported a 
substance from fTerminalia glaucescens active against 
Staphylococcus aureus. Of the aqueous isobutanol and 
benzene extracts of five African miswak sticks tested for 
antibacterial activities, the isobutanol extract exhibited the 
greatest activity; streptococci were the most sensitive of the 
bacteria examined, and Escherichia coli the most resistant 
one. Miswak sticks from Togo have also demonstrated 
antimicrobial activities. Taiwo et al. showed that aqueous 
extracts from most of the ten Nigerian Miswak sticks 
examined contained antibacterial activities against various 
microorganisms including periodontal pathogens; 
some even had potent activities against methicillin- 
resistant S. aureus, vancomycin-resistant Enterococcus and 
multidrug-resistant Pseudomonas aeruginosa. 


Although one has seen an increase in reports on clinical 
surveys and epidemiological studies of chewing sticks and 
their oral health benefits, relatively few studies have looked 
into the antimicrobial effect of miswak stick against oral 
pathogens associated with caries and periodontal disease. 
Brown and Jacobs noted strong antimicrobial activity of 
water extracts from several African chewing sticks against 
oral streptococci with those from “paku” and “sackara’”’ 
being the most potent. Wolinsky and Sote examined the 
effect of aqueous extracts from eight Nigerian miswak sticks 
against growth and adherence of the cariogenic organism S. 
mutans. They found that an extract from Serindeia warnecki 
demonstrated the strongest inhibitory activity and 
proposed that tannin-like, heat-stable substances might be 
involved in the inhibitory activity. However, no chemical 
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evidence was provided. Subsequent work on S. warneckei 
by Salako showed that aqueous and tannic extracts of 
this miswak stick at concentrations of 2.5% and higher 
inhibited the growth of C. albicans and that the inhibition 
was concentration-dependant. Recently it has been shown 
that J. regia extracts of both the aqueous (2-8% w/v) and 
alcoholic (10% w/v) inhibited in vitro growth, adherence, 
acid production and glucan-induced adherence of S. mutan. 
Mouth rinsing with aqueous extract of J. regia significantly 
reduced post-rinsing total streptococcal counts in salivary 
samples obtained up to 3 hrs after rinsing. The extracts 
also inhibited glycolytic reactions of the salivary bacteria 
for up to 90 min post-rinsing. However, no attempts were 
made to identify the active compounds present in this 
plant. 


A few investigations have examined the effect of chewing 
stick extracts on growth of oral anaerobic periodontal 
pathogens. It was found that black-pigmented Bacteroides 
species were most sensitive to extracts from selectedAfrican 
chewing sticks while other Bacteroides species appeared 
to be unaffected. This may explain why these pathogens 
were not commonly found in the gingival crevice of adult 
Nigerians miswak stick users. Subsequent in vitro studies 
of nine Nigerian miswak stick extracts against periodontal 
pathogens indicated that S. werneckei produced the strongest 
inhibitory action. In examining the antimicrobial effect of 
aqueous extracts from eight Nigerian tooth-cleaning sticks 
on five periodontopathic bacteria (Porphyromonas gingivalis, 
Prevotella intermedia, Fusobacterium nucleatum, Eikenella 
corrodens and Campylobacter rectus). E extracts of all the 
plants except Massularia acuminata inhibited bacterial 
growth, but at different levels. Extract of T. laucescens 
exhibited the widest spectrum of activity, but was not 
active against P gingivalis. Besides growth inhibition, 
miswak sticks extracts have been shown to_ inhibit 
extracellular enzyme activities of periodontal pathogens. 
Extracts from R. natalensis and E. divinorum inhibited 
extracellular peptidase and glycosidase activities of P 
gingivalis, PR intermedia and Treponema denticola. Although 
none of the above studies identified the nature of the 
active principles, most researchers speculated that 
tannin-like substances might have contributed to the 
observed antimicrobial activity. 


Using antimicrobial assay-guided fractionation, Li 
et al. isolated and identified two new antimicrobial 
binaphthalenone glycosides from methanol extract of 
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muthala. Recently, additional research has lead to further 
identification of four novel antimicrobial naphthalene 
glycosides (diospyrosides A, B, C and D), and two known 
naphthoquinones. To our knowledge, these represent the 
very few studies that provided convincing data as to the 
chemical and physical identities of antimicrobial compounds 
in a chewing stick responsible for inhibiting the in vitro 
growth and virulence factors of oral pathogens 


SALVADORA PERSICA-THE MISWAK TREE 


Currently, information on the biologically active compounds 
contributing to the reported oral health benefits of S. persica 
miswak has been relatively limited. Chemical analysis of 
S. persica root demonstrated the presence of E-sitosterol, 
m-anisic acid,and elemental sulphur. Chlorides, salvadourea, 
and high content of gypsum have been found in the stem. 
Organic compounds identified in S. persica included 
pyrrolidine, pyrrole and piperidine derivatives; glycosides 
such as salvadoside and salvadoraside; and flavonoids 
including kaempferol, quercetin, quercetrin, rutin and a 
quercetin glucoside. 


The substantial amount of silica detected in S. persica ashes 
has been thought to contribute to miswak’s mechanical 
action in plaque removal. The potential contribution by 
fluoride was considered unlikely since its soluble and total 
content in the S. persica miswak, especially that released 
when soaked in water, was negligible (<0.07 ug/ml). Benzyl 
isothiocyanate, a component exhibiting antiviral and 
antimycotic activity, has been shown to inhibit in vitro growth 
and acid production by S. mutans, but its mode of action 
was not clearly delineated. Dorner has speculated that the 
high amount of NaCl and KCI, sulphur-containing organic 
substances (salvadourea and salvadorine), and an alkaloid 
yielding trimethylamine on hydrolytic cleavage might 
somehow be responsible for the observed antibacterial 
and gum stimulating effect. 


Some in vitro studies have shown that S. persica extracts 
inhibited growth of various oral aerobic and anaerobic 
bacteria, and Candida albicans. \nhibition of in vitro plaque 
formation, growth and acid production of various cariogenic 
bacteria by such extracts have also been demonstrated. 
Recently, it has been shown that alcoholic extracts were 
more antimicrobial potent than water extracts. As for 
the effect of storage on activity of miswak extract, a study 
found no noticeable difference in antimicrobial effect 
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between fresh and one-month-old miswak. When extracts 
prepared from S. persica and A. indica (neem) chewing sticks 
were compared, both were able to suppress growth of 
S. mutans and Streptococcus faecalis at 50% concentration 
and the S. persica extract was reported to be more effective 
at lower concentrations. 


A recent study by Darout et al. showed that miswak 
aqueous extracts contained potential antimicrobial anionic 
components including chloride, sulphate, thiocyanate 
and nitrate. Nitrate has been reported to affect active 
transport of porline in Escherichia coli as well as aldose 
from E. coli and S. faecalis. In addition, nitrate inhibits active 
transport oxidative phosphorylation and oxygen uptake by 
P. aeruginosa and S. aureus. The fact that the high sulphate 
content might have attributed to the in vitro antimicrobial 
effect of miswak aqueous extract, has also been suggested. 


Elvin-Lewis has suggested that the antimicrobial effect of 
miswak may involve the salivary peroxidase. Darout et al. 
hypothesized that thiocyanate leaching out from miswak 
while in the oral cavity may lead to an elevated level of 
salivary thiocyanate. This, in turn, may enhance the efficacy 
of the salivary hydrogenperoxide-peroxidase-thiocyanate 
system, a known antimicrobial component of the human 
saliva. This may partly explain the observation that adult 
Sudanese miswak users had significantly lower numbers 
of cariogenic bacteria, except S. mutans, in their saliva 
while the matched toothbrush users demonstrated lower 
salivary levels of periodontopathogens. As there has been 
no available data thus far on the salivary microflora of 
miswak users, these data need further confirmation. 


PERIODONTAL STATUS OF MISWAK USERS 


Low periodontal treatment needs have been reported 
among Saudi adults who used miswak. Eid et al. reported 
that there was no significant difference in gingival indices 
or bleeding between miswak and toothbrush users. 
A cross-over study, demonstrated that gingival indices 
were significantly lower following the use of miswak as 
compared with a conventional toothbrush used without 
toothpaste. Recently, Darout et al. assessed and compared 
the periodontal status of adult Sudanese habitual miswak 
and toothbrush users. The CPI (Community Periodontal 
Index) was used to score gingival bleeding, supragingival 
dental calculus, loss of attachment, and probing depth 
of the index teeth of each sextant. These investigators 
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suggested that the periodontal status of the miswak users 
in the studied Sudanese population was better than that 
of toothbrush users. The efficacy of miswak used for oral 
hygiene was comparable to or slightly better than that of 
the toothbrush. It is believed that due to availability and low 
cost, miswak should be recommended for use in motivated 
individuals in developing countries. Recently, a study from 
India demonstrated that, apart from gingival recession 
might be encountered in miswak users, and that miswak 
exhibits a significantly higher improvement in gingival and 
periodontal conditions as compared to toothbrush. 


DISCUSSIONS AND CONCLUSION: 


Resources for health care are limited in many developing 
countries and the need to explore and test easily available 
and inexpensive traditional preventive tools is recognized. 
The chewing stick is the traditional tool prepared from a 
variety of local plants. It assumes various names, has been 
used for tooth and oral cleansing all over the world since 
ancient times, and is still being used in many developing 
countries. Compared with the modern toothbrush which 
developed from the chewing stick, the latter has a very 
long tradition, is affordable, economical, more ecological, 
readily available, can be used anytime and anywhere without 
dentifrice or toothpowder, and may last longer. Evidence 
also indicates that it is effective in maintaining oral hygiene. 
Although chewing sticks can be used by both children and 
adults and have been appropriate for many societies, the 
strong Islamic emphasis on oral hygiene in some countries 
has helped to encourage the use of chewing sticks prepared 
from S. persica or Salvadora oleoides. It has been pointed out 
that the use of chewing sticks may have evolved in various 
cultures independent of each other. 


The World Health Organization has recommended and 
encouraged the use of these sticks as an effective and 
alternative tool for oral hygiene. This recommendation is 
also consistent with the principles of the Primary Health 
Care Approach that focus on prevention, community 
participation, and the use of appropriate technology. 
However, like tooth cleaning with modern toothbrushes, 
chewing sticks also need to be used properly to be effective 
in preventing dental diseases and promoting oral health. 
Children should, therefore, be instructed at an early age 
how to use chewing sticks effectively. Results of CPITN 
and CPI in adults and children in different countries indicate 
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that chewing sticks, when used properly, are at least as 
efficient as modern toothbrushes in reducing dental plaque 
and in preventing gingival inflammation. The few studies 
performed in children have indicated fewer caries lesions 
in miswak users. 


lt is important to realize that the CPITN was originally 
intended for screening large populations groups in order to 
determine treatment needs and therapeutic strategies and 
not for describing prevalence and severity of periodontal 
disease. This system is therefore not sensitive enough to 
reveal true differences among population groups. Hence, 
good epidemiological evidence from CPITN data on the 
comparative effectiveness of miswak as a means to preserve 
periodontal health is actually not available. By using the CPI 
and thus recording bleeding, calculus and pocket depths 
separately, and by increasing the number of involved teeth, 
the sensitivity is considerably improved compared with 
that of the CPITN. 


The therapeutic and_- prophylactic effects of 
chewing sticks may be due _ to7 mechanical 
cleansing, potential release of biologically active 


chemicals when used, and/or a combination of 
both. The substantial amount of silica detected in 
S.persica ashes has been suggested to contribute to miswak’s 
mechanical action in plaque removal. However, literature 
regarding the mechanical cleansing efficacy of miswak, as 
compared to the manual or electric toothbrushes, has 
been quite scarce. Current studies available frequently lack 
specific details concerning the time, duration and frequency 
of their use, which prevents meaningful assessments of the 
mechanical cleaning effect of miswak upon oral health. As 
the chewing stick is often left in the mouth for some time 
post-cleansing, the enhanced salivation may also promote 
better cleansing and thus maintenance of oral health. 


In search of answers to the therapeutic or beneficial 
effects of miswak use upon oral disease prevention and 
health promotion, much effort has been expended in the 
investigation of the antimicrobial components present in 
these chewing sticks. However, due to the different chemical 
extraction techniques used, and the lack of standardization 
in the antimicrobial assays, it has been difficult to assess, 
interpret and critically analyze the published data on 
antimicrobial activity of chewing stick extracts against 
oral pathogens. Most of the available studies have failed 
to provide specific chemical identities of the suspected 
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active principles. The majority of these studies speculated 
that tannins-like components, rather than fluoride, were 
responsible. In S. persica, benzyl isothiocyanate (BIT) has 
been suggested to play a role in its antimicrobial activity 
against in vitro growth and acid production by S. mutans. 
However, it has been demonstrated that BIT was actually 
an end product derived from enzymatic hydrolysis of the 
glucosinolate present in the plant. Additional reports on the 
in vitro antimicrobial activity of S. persica extract by a few 
authors awaits for verification by independent researchers 
using other techniques. The recent identification of 
various novel and known oral antimicrobial compounds 
(i.e. naphthalene glycosides and naphthoquinones) from 
the Namibian chewing stick (D. lycioides), using specific 
antimicrobial assay-guided fractionation and purification 
procedures has been encouraging. These studies may 
provide researchers with standard procedures in the 
identification of active therapeutic agents in various 
chewing sticks. 


With better understanding of the properties, clinical 
effectiveness, and the development of effective techniques 
with emphasis on frequency and thoroughness of the 
cleaning, miswak chewing sticks may well represent 
an equivalent or alternative instrument to the toothbrush 
for prevention and control of dental diseases in the 
developing countries. 





Fig. 85.1: Miswak sticks prepared from Salvadora persica. 
One end of the stick is frayed into a brush through chewing 
or tapering and used for teeth or tongue cleaning. 








Fig 85.2: Mouth cleaning with miswak stick usually involves 
the brushing of teeth, gums. 





i 


Fig 85.3: When teeth and gums cleaning is completed, the 
miswak stick is used for tongue cleaning for some additional 
time. 
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